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Summary 


HE SOIL SURVEY of Hawaii covered the six major islands of the 

Territory—Oahu, Hawai, Kauai, Lanai, Maui, and Molokai— 
or an aggregate area of about 4,000,000 acres. It was a cooperative 
effort of the United States Department of Agriculture and the Uni- 
versity of Hawaii Agricultural Experiment Station. It was made 
primarily for agricultural interpretations, although the basic informa- 
tion gathered will serve many kinds of users. Consequently, the 
soils were mapped in varying degrees of detail among areas of differ- 
ent agricultural potential. The range was from detailed foot trav- 
erses, on which soil boundaries were seen throughout their length, 
to compilations involving few field observations. The intensity of 
the survey of each area is indicated on the Reliability of Data map 
that accompanies this report. 

The report incorporates the efforts of scientists who are authorities 
on Hawaii, its material and cultural setting, its agriculture, and 
its soils. Although the soil mapping was completed in 1939, World 
War II prevented publication, and these scientists wrote the report 
in 1947-48. Unless otherwise specified, statements in the report 
refer to conditions at that time. 


THE NATURAL AND CULTURAL SETTING 


The Hawaiian Islands are the tops of great volcanic mountains 
built up from the ocean floor, the highest rising more than 13,000 feet 
above sea level. Moisture-laden northeast trade winds rise against 
the mountain masses and drop their moisture in an orographic pattern. 
The northeastern sides of the mountains receive high rainfall; the 
southeastern sides are dry. ‘The mean annual rainfall ranges from 
almost none to more than 400 inches. Temperatures decrease with 
increasing elevation. Distinct vegetation zones of highly contrasting 
kinds are related to the climatic zones that result from systematic 
variation of rainfall and temperature. Agriculture is related to these 
climatic zones, to the soil and topographic conditions in these zones, 
and to the economie framework of land as property peculiar to 
the Islands. These factors of the natural and cultural setting are 
described in considerable detail. 

The principal Island exports are sugar and fresh and processed pine- 
apple. Though the Hawaiian economy is based on agriculture, 
nearly two-thirds of the food consumed and much of the livestock 
feed are imported. The economy of the Islands is closely keyed to 
the continental United States. Invisible exports, such as services 
rendered and goods sold to the Federal Government, tourists, and 
shipping and air lines have brought about a balance of payments 
favorable to the Islands. 'This balance is partly dependent on 
military expenditures, however, and the need for developing more 
exports and producing more food on the Islands is recognized. 
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SOILS AND THEIR ENVIRONMENT 


Shown on the detailed soil map accompanying this report are 400 
mapping units, each of which has some characteristic or combination 
of characteristics of practical significance to agriculture, engineering, 
or other pursuits that made separate delineation necessary. To 
point out the relationships among these units and the interaction of 
soil-forming factors that have created them, the units have been 
classified into successively broader groups—series, families, great 
soil groups, suborders, and orders—according to the system of classi- 
fication used by the United States Department of Agriculture. 
Many of the great soil group names used, however, were introduced 
specifically for this area because recognized groups would not properly 
accommodate the soils involved. The generalized soil map, showing 
great soil groups and member families, will aid the reader in under- 
standing broad land use patterns on the Islands and the way soils 
change with change in environment. 

The Hawaiian Islands are volcanic, and the parent materials of the 
soils are dominantly from basic igneous rocks—basalts or andesites, 
or their pyroclastic equivalents. Only small areas of trachyte and 
coral occur. Parent material, one important factor of soil formation, 
is therefore relatively uniform. Relief generally is sloping to steep, 
so drainage is good throughout most of the Islands. Age varies 
because there have been successive flows of lava and eruptions of ash 
and cinders, and because some of the material so discharged weathers 
more rapidly than others. Nevertheless, climate and vegetation— 
the active factors in soil formation—account for the major differences 
among broad groups of soil in Hawaii. The influence of climate on the 
zonal (or normal) soils of the Islands is strikingly apparent. The 
zonal soils occur in definite belts that correspond closely with climate 
and vegetation zones. 

The variation in climate and vegetation are very great. The 
average annual rainfall ranges from less than 10 to more than 400 
inches. The average annual temperature ranges from 78? F. at sea 
level in dry regions to less than 60° on the highest mountains. Ele- 
vations range from sea level to almost 14,000 feet. The vegetation 
ranges from dense tropical forest to semidesert types, and from warm- 
temperate grasslands to temperate deserts. 


Zonal soils. -This soil order is represented on the Islands by seven 
great soil groups: Low Humic Latosols, Humic Latosols, Hydrol 
Humic Latosols, Humic Ferruginous Latosols, Red Desert soils, Red- 
dish Brown soils, Reddish Prairie soils, and Latosolic Brown Forest 
soils. The first four named are definitely lateritic zonal groups of 
soils. All these soils are characterized by clays that are low in plas- 
ticity and stickiness and by a profile consisting of an A; horizon under- 
lain by a B horizon that is transitional to the parent materials. The 
first three of these lateritic groups occur at successively higher eleva- 
tions on the mountains in belts that conform with the low, medium, 
and high rainfall belts. The fourth lateritic group, Humic Ferrugi- 
nous Latosols, occurs in regions occupied by both the Low Humic and 
Humic Latosol groups and apparently represents extreme eluviation 
under the environment of those climatic zones. Humic Ferruginous 
Latosols occur principally on the older parent materials. 
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The Red Desert, Reddish Brown, and Reddish Prairie great soil 
groups occur on the younger volcanic ash on the leeward, or south- 
western, sides of the Islands. They occur in belts at successively 
higher elevations, the Red Desert group at the lowest. Although 
these three groups have many properties in common with great soil 
groups in the southern part of the continental United States, they 
also have striking differences, and the names are used as expedients 
in absence of recognized groups that would be more appropriate. 


Intrazonal soils.—In this order are soils of the Latosolie Brown 
Forest, Gray Hydromorphic, Paddy, Bog, Dark Magnesium Clays, 
Solonchak, and Solonetz great soil groups. The Latosolic Brown 
Forest group consists of young soils with dark-colored A, horizons 
relatively high in bases and organic matter that grade through lighter 
colored B horizons to young volcanic ash high in bases. This group 
of young soils is on rapidly weathering material high in bases that 
occurs in regions where the normal soils are acid. 

The Gray Hydromorphic group of soils occurs on the coastal plains 
or alluvial lowlands, as do the man-made Paddy soils. The true Bog 
soils are on the highest mountains where rainfall is extremely heavy, 
and on the lowlands where the water table is high. The Dark Mag- 
nesium Clays occur on lowland influenced by seepage waters from the 
basic lavas and have some properties in common with the Regur soils 
of India. Near sea level are small areas of Solonchak, and one small 
area of Solonetz. 


Azonal soils——This order is represented by soils of the Alluvial, 
Regosol, and Lithosol great soil groups. The Alluvial soils are in the 
valleys; the Regosols on beaches and the high mountains; and the 
Lithosols on the rough, broken, stony uplands that occupy a very large 
part of the Islands. 


AGRICULTURE AND THE SOILS 


The important crops of Hawaii have patterns of distribution related 
to the distribution of the great soil groups. 

Sugarcane has first priority on Low Humic Latosols where irrigation 
water is available; otherwise pineapple has first choice. These soils 
are low in total nitrogen and generally fix phosphorus in unavailable 
forms very quickly, but are relatively well supplied with bases, in- 
cluding potassium. They are very responsive to good management. 

On the Humic Latosols, sugarcane, pineapple, and grazing compete 
for land. Humic Latosols are higher in total nitrogen than the Low 
Humic Latosols but fix large amounts of phosphorus in forms not 
available to plants and are generally deficient in potassium. 

In the climatic zone occupied by Hydrol Humic Latosols, cane pro- 
duction and forestry meet. These areas are mostly too wet, cloudy, 
and cool for efficient growing of cane. The soils have very large 
amounts of organie matter but require nitrogen fertilizer under inten- 
sive cropping. 

The Humic Ferruginous Latosols, which are found in the wettest 
part of the region occupied by Low Humic Latosols and in all the 
area occupied by Humic Latosols, are used in much the same way as 
the groups with which they occur. Generally, however, they are 
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more nearly marginal as cropland. Humic Ferruginous Latosols are 
very low in bases in their uppermost horizons and have low exchange 
capacities. They are moderately supplied with organic matter and 
nitrogen, but require nitrogen fertilizer if cropped. 

Grazing dominates on the Red Desert and Reddish Brown soils. 
On the Reddish Prairie soils, grazing dominates but vegetable grow- 
ing competes for use of the land. The soils of these three great 
groups are the most fertile on the Islands. They are high in bases, 
including potassium, and, except for the Red Desert soils, are rela- 
tively well supplied with total nitrogen. They normally do not fix 
phosphorus to so great a degree as soils of the Latosols suborder. 

The Latosolic Brown Forest soil group is used almost entirely for 
grazing. The best grazing land on the Islands is on soils of this 
group and on the Reddish Prairie soils. Latosolic Brown Forest soils 
are very high in total nitrogen but somewhat more depleted of bases 
than Reddish Prairie soils. 

The Gray Hydromorphic soils are used mainly for sugarcane if 
irrigation water is available. Otherwise they are used for pasture. 
In spite of their poor physical properties, the Dark Magnesium Clays 
are used in the same way as the Gray Hydromorphie soils. Supplies 
of magnesium are generally high in both groups, but exceptionally 
high in the Dark Magnesium Clays. The high concentration of 
magnesium is commonly associated with potash deficiency. In most 
places soils of both these groups need nitrogen, phosphorus, and 
potassium. 

Paddy soils are still used to a limited extent for wet-land culture 
or rice and taro. Use of the Alluvial soils is conditioned largely by 
availability of water. The plant nutrient requirements of the Alluvial 
soils vary from place to place, but they are generally more fertile 
than the zonal soils with which they are associated. 

Regosols, in the main, are poor grazing land. The Lithosols are 
grazed or in forest. The steep, stony, and shallow soils that occur in 
cropped areas are either used for grazing or are left idle. 


Prospects for future land use.— Increased costs of production have 
led to mechanization of the cane and pineapple industries and to 
abandonment of some land not suitable for machine cultivation. 
Some of this abandoned land has been converted to pasture or other 
crops. Some soils not cropped at present, principally Low Humic 
Latosols, could be brought into cane production if irrigation water 
were available. The water supplies of the Islands have been rather 
thoroughly explored, however, and prospects of developing new 
sources of water for cane are limited. It 1s possible that the pineapple 
acreage might be expanded on the Low Humic Latosols. 

Areas of soil suitable for vegetable production are far in excess of 
the acreage needed to meet Island consumption. With irrigation, 
very large acreages of Low Humic Latosols could be used for a number 
of different vegetable crops. Various kinds of vegetables, fruits, and 
nuts could be produced on the Humic Latosols and Hydrol Humic 
Latosols. The regions occupied by Reddish Prairie soils are excep- 
tionally well suited to vegetables, and, in themselves, could produce 
vegetable crops far in excess of what could be used on the Islands. 
The acreage in fruits and nuts could be greatly expanded. Macadamia 
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nuts is a particularly promising crop for Humic Latosol and Hydrol 
Humic Latosol soils on which production of sugarcane is marginal. 


GEOGRAPHY AND CHARACTERISTICS OF SOILS 


"The last part of the report, with the accompanying soil maps, con- 
tains the basic data of the soil survey of Hawaii The material is 
organized around the soil family. "The general environment and soil 
characteristics of a family are described. Next, the mapping units of 
this family are regrouped to show suitability for mechanized agri- 
culture, and use and management are described for these groups. Then 
each mapping unit of the family is described in relation to the profile 
of the parent soil series, and use and management peculiar to the 
unit are discussed. 


Part I 


The Natural and Cultural Setting of 
Hawaiian Soils 


MAN’S USE OF the soil is conditioned by the natural and cultural 
environment in which the soil occurs. The authors of this part present 
some of the important features of the Hawaiian setting as a back- 
ground for applying knowledge about the soils. 

The authors first broadly outline the Hawaiian geographic setting 
and the sequence of geologic events that produced the Islands as we 
see them today. Next, they present the climatic environment and 
its relation to the geographic setting. With this perspective, they 
provide rather detailed information on water supply, which so greatly 
affects use of Hawaiian soils. Next, discussed is the distribution 
of vegetation in relation to climate and elevation. 

The authors then turn to man’s activities within this setting. 
First they explain the ways in which Hawaiian land is used and 
describe in some detail the operation of major agricultural enter- 
prises. Finally they tell about the people themselves—-where they 
live, what they do, and how they meet physical and cultural needs 
of everyday living. 

1 


THIS SECTION describes the physical environment in which 
the soils of Hawaii occur. Special attention is given to water 
supplies on the Islands for man’s use of the soils. The soil 
itself is a function of the elements of the physical environment. 
Man’s use of the soil is conditioned by the factors involved. 


NATURAL ELEMENTS OF THE LANDSCAPE 


By CHESTER K. WENTWORTH, Former Principal Geologist, Honolulu Board of Water Supply 
PHYSICAL GEOGRAPHY AND GEOLOGY 


THE EIGHT inhabited islands forming the Territory of Hawaii lie 

at the southeastern end of a chain of islands and shoals more than 
1,600 miles long. These islands are the summit parts of a range of 
volcanic mountains, This range has been built above an ocean floor 
15,000 to 18,000 feet in depth through the outpourings of basaltic 
lava flows at various points along the line of a crustal rift having a 
northwest to southeast trend. No evidence yet discovered indicates 
that any of the islands were formed earlier than the late Tertiary, so 
they are possibly 5 million years old. 

The islands are of the sort known as high islands of the central 
Pacific area. The main mass of each is wholly. volcanic and consists 
of basalt derived from the subcrustal magmatic material normal to 
the Pacific basin. The fissure giving rise to their linear arrangement 
is not clearly related to lateral thrusting. In structural origin, this 
line of islands is therefore quite dissimilar to the various lines of 
islands from the Marianas westward and around other Pacific margins. 
One important result of this dissimilarity in origin is that the crustal 
floor in the Hawaiian area is a highly stable unit; no tilting or other 
general crustal deformation has been demonstrated. The shifting of 
shorelines in the area is best explained by changes in the level of the 
sea, which result chiefly because of increase or decrease of glaciers 
over the world. 

The building of the islands began at the northwest, and, in general, 
volcanic activity moved from northwest to southeast. The larger 
islands have been formed by eruption from more than one vent. 
The largest island, Hawaii, has been formed by the successive growth 
and merging of five different. volcanoes, two of which reach nearly 
14,000 feet above the sea. Northwest of the eight inhabited islands 
are a number of islands showing either basaltic remnants or coral 
reefs and shoals. ‘These remnants or the coral indicate that the vol- 
canic masses probably had ceased growth and been partly cut away 
at sea level before the main history of the eight islands began. In 
consequence, the eight islands still stand as high islands; whereas the 
older ones to the northwest have been worn down. 

The geologic history and characteristics of the Hawaiian Islands 
have been summarized by Stearns (16). Various contributions on 
the petrography have been presented by MacDonald (7, 9). Recently, 
Zimmerman ($8) compiled a summary of the geological history of 
Hawaii as a prelude to his work on insect fauna, It has been shown 
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that there is some variety of rock composition and diversity of struc- 
ture in various islands. On some islands, for example, Maui and 
Molokai, an older dome of primitive basalt is overlain by a cap of 
andesitic lavas; on others there are small amounts of late, ultrabasic 
lavas such as the Honolulu series of southeastern Oahu (32). In 
explaining topography and soil formation, however, these minor 
petrographic differences should be considered against a background 
of surprising uniformity. The volcanic rocks of which the islands are 
composed are very largely in the general range of olivine basalt, with 
silica about 50 percent. Moreover, with very minor exceptions, the 
volcanic mass above, and presumably below, sea level consists of thin 
basic lava flows. Each flow came from vents at the crater or on the 
various rift lines at lower elevations and poured down the irregular 
surface formed by earlier similar flows. The existing soils should be 
considered in relation to this general lava, the surface and structural 
features of the flows, and the extreme variety of microclimates at 
various elevations. 

Each of the chief islands was originally built as one or more lava 
domes. Slopes were determined by the fluidity of the lava flows and 
the radius and area at sea level consistent with the elevation of the 
summit vent. Some of the domes are nearly circular (West Maui) 
and show the dominance of a central vent; others have been built by 
flows coming from vents along subequal fissure lines (Koolau dome, 
Oahu). The outlines of domes and the islands portray much of the 
successive activity of the various vents. 

Subaerial erosion of the domes started as soon as they got above sea 
level and took on the patterns of orographic rainfall as they grew 
higher. The most active attack was on the windward slopes of 
islands that had grown to heights of 3,000 to 6,000 feet. Some of 
the domes may have undergone considerable erosion before the 
building by a given volcanic series stopped, but there is little evidence 
to support this conclusion. It is difficult to find an eroded terrain 
that has been overlapped by lavas of the same character as those of 
the eroded terrain. There are marked erosional unconformities at 
the bases of late volcanic formations or at places where lavas from one 
dome overlap those from another. 

On some domes erosion is now most active on the leeward slope 
because the maximum rainfall is leeward of the crest. On most such 
domes, however, the windward slope has been greatly dissected by 
subaerial and marine erosion and has suffered the most active initial 
erosion. 

The domes owe their form to successive lava flows down existing 
slopes. The drainage net on the slopes of these domes is made up of 
stream channels following the courses of the lava flows. Practically 
all of the drainage in Hawaii follows the original radial pattern of the 
lava flows. There is only limited integration into dendritic arrange- 
ments. The mesh of the drainage pattern of Hawaii varies widely. 
It is conditioned largely by the intensity of local rainfall and the 
character of the local rock and soil. Large areas on some slopes show 
few fixed drainage lines because dryness resulting from low rainfall is 

1 Although many volcanologists prefer the term "shield," the word “dome” 


seems more suitable for general, popular use to denote the rounded shapes of the 
major volcanic accumulations. 
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enhanced by the high porosity of both the little-weathered surfaces of 
lava and the subordinate cinder and ash deposits. In wetter areas 
the formation of soil accompanies the development of more systematic 
drainage patterns. In some wetter places (Hamakua coast), ashes 
and cinders deposited as a parent rock have given rise to a remarkable 
close-spaced system of subequal channels that are only slightly 
integrated as they pass down the slope. In some sections, there are 
two elements in the drainage system: (1) Major streams that have cut 
deep enough into the main rock structure to be perennial, and (2) 
smaller channels that are developing on interfluvial facets in soil or 
ash and are related only to surficial ground water. The wide mesh of 
the major pattern cut into the permeable rock structure leaves room 
for the subordinate drainage pattern on the facets (24). 

Only a few small areas subject to special conditions have a stage 
of erosion that can be called late in maturity. Parts of all the major 
and higher domes except the younger ones on the island of Hawaii are 
deeply dissected to a mature or early mature topography of extraor- 
dinary declivity. Lower islands of equal age or islands partly in 
the lee of others (Lanai, Kahoolawe, west Molokai, and so on) are 
less dissected. These lower and protected islands, with large areas 
on Maui and Hawaii, make up a large part of the area in the Hawaiian 
Islands where the form of the volcanic construction has been but little 
modified. 

Marine erosion has cut away exposed parts of all the islands and 
produced some striking coastal cliffs. Some of these cliffs rise directly 
from the water's edge to heights of 1,000 feet or more. Coastal 
escarpments as high as 3,000 to 4,000 feet are found on the islands of 
Molokai and Kauai. To some extent these cliffs may have been 
caused by faulting, but discussion of that subject is not appropriate 
here. Along the cliffed coasts the major valleys are shortened, and 
their canyon forms are aggravated. Nevertheless, the same trans- 
verse profiles occur in all the larger valleys of Hawaii, whether or not 
they embouche on a cliffed coast. Despite the impressive forms it 
produces, marine erosion plays a rather subordinate part in the 
removal of volume from masses of this size. 

As previously mentioned, the Hawaiian Islands owe their shape 
primarily to volcanic building. Parts of islands have been more or 
less modified by erosion under strongly localized climatic conditions. 
Davis’ formula of structure-process stage is admirably applicable here 
and has led to the outlining of some 83 physiographic provinces (24). 
No extended description of these provinces has yet been compiled; 
their major character will be evident on scrutiny of the topographic 
maps of the Islands. Many of the lines are inescapable natural 
boundaries reproduced on the soil maps and on other maps (25). 


CLIMATE 


The three dominant factors in the climate of Hawaii are (n) the 
position of the several islands in north latitude from 19? to 22°, (b) 
the insular position within the largest ocean of the world, and (c) the 
elevation and topography of the several islands. Because the third 
factor—elevation and topography-—is minutely varied, we may say 
that the microclimates of Hawaii are largely induced on an oceanic 
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base by the orographic effects of the local physiographic features. 
We must recognize that these microclimates, each with its own 
amounts and distribution of rainfall, cloudiness, and temperature and 
moisture resulting from the effects of slope and elevation, not only 
are of great contemporary importance but also are among the primary 
factors of soil development. 

Because of great local variations, climatie averages convey only 
part of the picture. No brief, systematic text on the climates of 
Hawaii exists; when a full-length text is written it will be a very large 
book. In 1949 Leopold and Stidd (6) offered a review of the literature 
on Hawaiian climatology; their review briefly surveys the state of 
published work up to that date. In this section we can only offer 
some averages and extremes and suggest the types and directions of 
some of the many deviations. 


Temperature.—The general range of temperature is shown in table 1. 


TABLE 1.—Temperatures at representative stations in Hawaii 


Lowest | Highest | moutity ment) «BE, LER 
Station Blew Mean monthly monthly mean | mean | teme | treme 

lon j| annual | mean | mean | mini- | maxi- | mun | mam 

mum | mum 

j Feet oF, u tA oF oF, | °F. | °F, 
Hilo (Hawaii)_.___---. | 40 | 72.8 | 70.4 | 75.4 | 62.6 | 82.6 | 51 91 
Mahukona (Hawaii)... 11, 77.6 | 74.2 | 80.6 | 65.5 | 89.4 52 98 
Honolulu (Oahu)... ES 12 | 74.6 | 7L5 | 78.3 | 64.0 | 84 5 |. 56 88 
Waianae (Oahu) ....... 10 | 75.9 | 71.7 | 80.0 | 63.7 | 89.4 50 96 
Kahuku (Oahu) -_------- 25 | 74.6 | 71.0 | 78.2 | 64.0 | 84.5 49 95 
Kealia (Kauai) |... 11 | 749 | 70.0 | 78. 7 | 62.0 | 85.7 |. 44 93 
Mana (Kauai)........- 11 | 73.9 | 69.8 | 77.9 | 61.0 | 88.5 | 48 95 
Waimea (Hawaili)...... 2,669 | 63.9 | 62.1 | 66.8 | 53.5 | 75.3 i [DI 87 

Volcano observatory i 

(Hawaii)_....-_---.-- 3,971 | 60.3 | 58.0 | 63.8 | 50.5 | 71.1] 38 84 
Kula (Maui). ......... 3,004 | 64.0 | 60.5 | 67.0 | 520 | 76.8 | 41 89 


! Weather Bureau. office considers the extreme minimum temperatures at this 
station to be questionable. 


As shown in table 1, the mean annual temperatures at sea level in 
Hawaii range from about 72? to 78? F. The range depends rather 
more on exposure to ocean breeze than to latitude. The range be- 
tween the means for the coldest and warmest months at any station is 
from 5° to 8°. The widest ranges between coldest and warmest 
months occur on the northernmost islands. Mean temperatures de- 
crease at the rate of about 2.5° to 3° F. per 1,000 feet increase in ele- 
vation. At some stations daily temperature ranges are little if any 
greater than 10°; at others the range may reach 25°. 

Maximum temperatures at sea level go above 95° at only a few 
places; minimum temperatures go below 50° only on the northern is- 
lands. Ranges between extremes may be as great as 50° at some sta- 
tions and as little as 30° at others. The leeward stations ordinarily 
have the greater ranges in temperature. 

No systematic records of temperature have been kept for elevations 
above 7,000 feet, but itis known that night temperatures at Lake Waiau 
on Mauna Kea, Hawaii (elev. 13,007 feet) fall below 32° practically 
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every night in the year. No exception is known. Temperatures of 
19? have been recorded in July and August. It is probable that 15? 
is common in winter at Lake Waiau, but temperatures as low as 10° 
&re very likely uncommon. 

According to measurements made in the Honolulu region, tempera- 
cures of soil and shallow ground waters follow closely the mean air 
temperatures at comparable elevations. 'lemperatures of basal 
ground water, at sea level, and 100 feet or more below the surface, ap- 
proximate 70°. Differences caused by geographic location may change 
this approximate temperature by about 1°. For the first thousand 
feet below sea level in water-saturated rock, the increase of tempera- 
ture with depth is probably about 1° for every 300 feet. This very 
low geothermal rate probably results because of the large amount and 
the active circulation of both meteoric and ocean water. In the 
Honolulu area the annual temperature range at 600 feet below sea level 
is of the order of 0.04? F. 

Warm or hot ground waters do occur in the Hawaiian Islands, but 
in general, ground water bodies do not exist or are not accessible near 
active volcanic areas. 


Wind.—The prevailing winds at nearly all the stations are the 
northeasterly trades. At Honolulu, where the most complete record 
has been kept, the wind has come from easterly and northeasterly 
sectors about 82 percent of the time. During the period 1908-37, the 
central direction for these preponderant winds shifted systematically 
from about N. 52? E. to N. 87? E., and by 1945 1t had shifted back as 
far as N. 62? E. (30) (fig. 1). "The cause of this cyclical shift is not 
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Fravnz 1.— Change in direction of prevailing wind at Honolulu from 1907 to 1945. 
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known, nor is the effect it has on rainfall. We cannot doubt that the 
amount and pattern of rainfall has been modified at some stations, par- 
ticularly those dominated by orographic rainfall. 

The islands lie near the northern limit of the tropics, near the perma- 
nent high-pressure belt. It is therefore possible at all seasons, and 
more commonly in winter, to have winds from a direction opposite to 
the trades or from various directions. These spells of varied winds 
are known as kona storms. In the Hawaiian language kona means 
southern, but more particularly leeward. In any one district the spe- 
cial characteristic of the kona storms is the cessation of the trade winds 
and the coming of varied winds related to pressure patterns that over- 
lap from the permanent high-pressure belt to the north. 

Records on wind directions at high clevations are not adequate, but 
rainfall records and many observations show that the strength of the 
trade winds is reduced above 5,000 or 6,000 feet. Cumulative records 
of wind directions at higher altitudes show that the preponderance of 
northeasterly winds is relatively low at 10,000 feet. The boundary 
between the trade winds and the westerlies fluctuates continually in 
o Above 10,000 feet, the westerly winds prevail for days or 
weeks. 

Island masses up to 6,000 or 7,000 feet high appear to be overtopped 
and generally bathed in trade-wind air movement. In contrast, high 
masses such as Haleakala, Mauna Kea, and Mauna Loa are barriers 
that the trade winds do not drive over. On the trade-wind sides of 
these masses the average maximum rainfall is much lower than on the 
summits of such islands as Kauai. The trade winds tend to split, or 
go around, the larger mountains. They converge again, particularly 
on slopes between such masses as Mauna Kea and Mauna Loa, and 
at the place of convergence the rainfall frequently is greater than on 
the windward side of the mountains. 

Also, on the lee slopes of Haleakala, Mauna Kea, and Mauna Loa 
there is a daily, strongly marked, sea-to-land breeze. The persistence 
and importance of this breeze is indicated by the rainfall maximum 
belt, which is shown best on the leeward, or kona, slope of Mauna Loa. 
There is usually a marked reversal of the sea-to-land breeze at night. 
On these coasts protected by high land masses the trade winds are 
weak or nonexistent during much of the year. The high summits 
such as Mauna Loa are foci against which trade winds, sea-to-land 
breezes, and less frequently, the westerlies move. Accounts of the 
daily patterns of cloud growth around these mountains have been 
given (12), but more systematic recording and further study are needed 
before even a general description of the microweather for any given 
high-level site can be written. 


Rainfall.—Because of the effect of land masses, it is difficult to 
estimate annual rainfall on the open ocean in the latitude of Hawaii. 
It is thought to be about 29 inches. Much of the leeward coast of 
Oahu in the Honolulu section receives 20 to 22 inches. Parts of the 
lower islands and such leeward sections as the Waianae coast of Oahu 
get materially less. ‘The Waianae coast probably gets less because of 
the rain-shadow effect of the Waianae Range (fig. 2). 

The precipitation at any given station in Hawaii is made up of three 
components—orographic, cyclonic, and convectional rainfall. 
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Figure 2.—Isohyetal maps for larger islands in Territory of Hawaii. (Redrawn 
from maps in U. S, Weather Bureau office, Honolulu.) 


OnoanRAPHIC RAINFALL.— his kind of rainfall is induced through 
movement of trade winds or other winds against the mountains. The 
mountains deflect the air upward; it cools as it rises, and the cooling 
leads to condensation of moisture and rainfall. Persistent clouds 
hanging over or enveloping the peaks and range summits are a part 
of the permanent landscape of Hawaii. The height, size, and position 
of the cloud formations are clearly related to the strength of the trade 
winds and general temperature conditions. In any given windward- 
leeward profile through such a peak or range, the clouds seem more or 
less anchored to the summit. Nevertheless, depending on wind and 
temperature conditions, the cloud zone may be extended and lowered 
on the windward side, the Jeeward side, or both. 

If the mountain range is not too high, the maximum rainfall may 
be several thousand feet to leeward of the summit, as on the Koolau 
Range. This results because the effect tends to drift beyond the cause. 
Higher summits may block this drift, and maximum rainfall may re- 
main at the summit or on the windward side. The extraordinary 


10 SOIL SURVEY OF TERRITORY OF HAWAII 


annual rainfall of about 450 inches at the summit station of Kauai 
(Waialeale) has been explained as the result of winds blowing up 
radial valleys and converging at the summit. If the summit were 
elongated rather than pointed, rainfall would be less. The high rain- 
fall at the summit of West Maui (Puu Kukui) may also be caused by 
convergence of winds from radial valleys. 

It is evident that a great variety of rainfall mechanisms can be 
considered as orographie, and that orographic rainfall accounts for 
practically all the precipitation at some stations. Among these oro- 
graphic mechanisms are (1) direct uplift against a transverse barrier 
of moderate height, (2) valley-funneling of winds to a pointed summit 
such as that on Kauai, and (3) convergence of trade winds after split- 
ting around high masses that rise above them. 

Orographic rainfall is dominant most of the time for most stations 
in Hawaii. The total rainfall at any one station is therefore roughly 
determined by its position in a profile drawn from the windward to the 
leeward coast along the trade-wind azimuth. Once the position and 
shape of the maximum rainfall zone is known for a given island mass 
or major dome, the pattern for the rest of the profile can be inferred. 
There is a fairly uniform deerease in rainfall outward from the zone 
of maximum precipitation to the coast. (See fig. 2.) The cloud 
zone continually expands and contracts from a mean position near 
the maximum rainfall zone but it tends to huddle against the summits. 

Cycronic Rainratu.—The rainfall caused by cyclonic conditions 
has an entirely different distribution than that caused by orographic. 
During a cyclonic spell, a lowland or leeward station having one-fifth 
to one-tenth the annual rainfall of a mountain station in the same 
sector may receive as much or more rain than the mountain station. 
The amounts of rainfall received at various stations during a cyclonic 
period are commonly unequal in an irregular fashion quite inconsistent 
with the systematic pattern of orographic rainfall. These periods of 
kona, or cyclonic, rainfall come haphazardly in any part of the year; 
they cause variability in total rainfall out of proportion to the total 
precipitation they contribute. The leeward stations get less orographic 
rainfall and are more influenced by cyclonic rainfall. They therefore 
have much greater overall variability in precipitation (9, 26). 

Convectionat RarwFALL.— This form of rainfall is common in 
various lowland areas where heating of the land gives rise to convec- 
tion and cloud formation. It is in such areas, and in relation to such a 
rainfall pattern, that experiments have been conducted on artificial 
production of rain by the dry-ice method. 


Rainfall prediction.—Frequency distribution curves for total rain- 
fall for periods of any specified length, months or years for example, 
show a marked skewness. This skewness may simulate a logarithmic- 
probability distribution, but no method yet formulated indicates that 
the skewness of the rainfall curve conforms to the logarithmic scale. 
In statistical theory, this effect would probably be explained as the 
result of the Poisson condition, which is also known as the law of small 
numbers (73). 

Frequency distribution for monthly or annual rainfall is more skewed 
for dry and leeward stations, and there is also larger variation (9). 
If a frequency distribution curve for annual rainfall is plotted for wet 
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sites in any given years, the probable variation from the mean may be 
as low as 12 percent. In contrast, some dry stations may show & 
probable variation as high as 40 percent. 

Because of skewness and difference of variation, Halstead and 
Leopold (2) have commenced compilation of monthly median maps. 
Isohyetal lines on these maps show the median rainfall for each 
calendar month. The median rainfall is materially less than the mean 
rainfall in parts of the islands having low to moderate rainfall, and 
particularly in all the marginal agricultural areas. For agricultural 
planning in such areas, the median is clearly a better index than the 
arithmetic mean. It is the amount which may or may not be exceeded 
in a given month. The mean is affected by exceptionally wet years 
and is therefore not so useful in defining the normal prospect (22). 

Where the interest is in the contribution of rainfall to supplies 
accumulated in the ground or in large reservoirs, the median is less 
useful than the arithmetic mean. The arithmetic mean has the 
advantage that it can be directly converted into a total water quantity. 
Moreover, an arithmetic mean, even for a short period, has an imme- 
diate factual value. A longer time is required to determine a median 
of sufficient reliability for making inferences. A probability chart 
using arithmetic means is shown in figure 3. 

Rainfall cycles and the possibility of prediction on that basis are 
now receiving much attention (28). It is simple to find some evidence 
of successive higher and lower values in examining past records of 
monthly or annual rainfall. One is conscious of a somewhat systematic 
behavior in following a moving average of rainfall for months and 
years, and this invites an attempt at prediction. Nevertheless, sys- 
tematic analysis has so far failed to develop a method by which rainfall 
can be reliably predicted for future years. Possibly some highly 
specialized studies now in progress will lead to prediction of rainfall a 
month in advance. However fascinating the study of rainfall figures 
may be, it must be emphasized that individuals having data from only 
a few gages cannot hope to make predictions of high or low rainfall 
that will justify serious business consideration in agriculture or other 
enterprises. 


WATER SUPPLY 


Large acreages of arable soils in Hawaii do not regularly receive 
enough rain to support a profitable plant cover. Other large acreages 
have high rainfall but are so steep and inaccessible they cannot be 
cropped. Yet other acreages have soil, surface configuration, and 
rainfall favorable to productive agriculture. The arable dry soils, the 
wet steep soils, and the arable soils with sufficient rainfall occur as 
small units, as the soil map well shows. The land pattern of Hawaii is 
close-meshed. Rainfall or arability range from favorable to unfavor- 
able, often in reciprocal fashion, in short distances. The water and 
rainfall economy is extraordinarily complex (2). 

The economic and engineering problem of developing and distribut- 
ing water supplies so as to permit profitable use of the soils over a 
period of years is not a subject for discussion here. It should be men- 
tioned, however, that the haul of water from a high rainfall site to 
the point of most profitable application is usually short—not more 
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RAINFALL PROBABILITY 


Figure 3.— Duration-deviation probability chart for Honolulu intake area, Graph 
is based on data from 10 stations representing a district of about 50 square 
miles. Individual gages in Hawaii might show somewhat greater deviations, 
particularly for short periods, but the type would be similar. (Twelfth biennial 
report, Board of Water Supply, 1949). 


than 4 or 5 miles, and rarely more than 10. In many instances the 
water would go farther to drier areas if it were not taken up in areas 
nearer the source that need supplementary water and produce enough 
to pay for it. 

As shown in table 2, the estimated total rainfall for the eight islands 
of Hawaii is about 20,000 million gallons a day. This rainfall is dis- 
posed of in four main ways: (1) Evaporation from the surface of land 
and plants; (2) transpiration from plants through their life processes; 
(3) runoff over the land, into streams, and thence into the sea; and 
(4) infiltration into the ground and downward by various routes until 
it eventually merges with sea water in the rocks or in the open ocean. 

The percentage of rainfall disposed of in each of these four ways 
depends on the nature of the rock, steepness of slope, character of the 
vegetation, and the time and pattern of rainfall. The percentage of 
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infiltration is usually rather high, for the rocks of Hawaii are generally 
highly permeable, and the main water table is very low. Local varia- 
tions are enormous, however, and there is some interchange. Infil- 
trated water, for example, may reappear as seeps and springs that 
empty into stream channels. Some runoff may later pass under- 
ground. Really valid inventories of water disposal are nearly im- 
possible to make (27). 

Of the four main categories of disposal, surface water and ground 
water are the sources of supply for man. Neither evaporated nor 
transpired water can be called sources. It is realized, however, that 
evaporated water is of utmost importance in maintaining atmospheric 
humidity, and that transpired water makes the same contribution 
after already having been used by plants. 


Tanim 2.—Fstimated rainfall in Hawaii } 


Rainfall 
Island Ares Million | Million gallons 
Average Total gallons per day per 
per day square mile 
| 
Square Mile- 
males Inches inches 
Hawaii.. | 4,030 | 65.4 | 263,600 12, 550 | 3.11 
Maui- ---------- | 728 85.6 62, 350 2, 970 4. 08 
Oahi.....2 we] 604 68.0 41, 100 1, 957 3. 24 
Kauni 22-22-22 | 555 87.8 48, 700 2, 320 4. 18 
Molokai__________ 260 45.9 11, 900 570 2.18 
Lana es ee ee 141 22. 6 3, 190 152 1. 08 
Niihau?.........- | 72 16.0 1, 160 55 . 76 
Kahoolawe ?...... 45 12. 0 560 27 . 60 
Total... | 6, 435 () 432, 560 20, 601 6) 


1 Based on planimeter measurements of latest available isohyetal maps. 

2 Data inadequate. Estimate provided on basis of available data and general 
knowledge of rainfall behavior so that small quantity of rainfali on this island 
could be added to get a total for the Islands. 

3 Total mile-inches divided by total square miles equals 67.2 inches. Ton 
column six, total million gallons per day divided by square miles equals 3.2 m. g. d. 


It is the purpose of the following discussion to explain the principles 
of water occurrence and the methods of use. No attempt will be 
made to present data on water quantities. Tables showing quantities 
and qualities of water used on various islands will be found in reports 
by the Territorial Division of Hydrography (15, 17, 18, 19, 20, 21). 
Wee for more recent years can be obtained from the files of that 
office. 


Surface water.—The most immediate and direct use of rainfall is 
by plants. No doubt, plants obtain more water from direct rainfall 
than from all other sources. For many areas, this is the only use of 
rainfall. In the most primitive pattern, this direct use entails no cost. 
If direct use is to be continued on the most profitable basis, however, 
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there are costs for maintaining suitable field conditions and, particu- 
larly, costs for soil conservation. In some places these costs must be 
incurred even for survival. 

Water for domestic use and livestock is caught on roofs of buildings 
and carried to cisterns in large areas and isolated places throughout 
Hawaii. This somewhat less direct use of rainfall probably will con- 
tinue indefinitely. Storage in surface reservoirs is not economic in 
most places. Only small reservoirs can be made in the rugged terrain; 
there is heavy seepage into porous rocks, and the large amounts of 
silt and gravel carried in Hawaiian streams can soon fill a reservoir. 

In most places surface runoff is highly variable, and only a fraction 
of the Hawaiian Islands is drained by perennial streams. Runoff is 
used in a few places for irrigation, and there are a few small hydro- 
electric plants. Surface water is used to a relatively limited extent 
on the island of Oahu. Larger amounts are used on Maui, windward 
Hawaii, and Kauai, but this use has reached a maximum and probably 
will decline (23). 

Ground water.—In Hawaii ground water occurs in three principal 
forms: (1) High-level water, which is perched above some water- 
resistant layer or confined between dikes; (2) basal water, which has 
a level only slightly above that of the sea; and (3) basal water under 
artesian pressure because it is held under an impervious cap (14). 

The process of downward movement is gradual. When it first 
infiltrates, the rainfall may take the form of shallow ground water, 
which is the source of moisture for most plants. This ground water 
extends down several feet, sometimes 20 feet or more, but normally 
it cannot be tapped. The soil is ordinarily tight enough that it wil] 
not yield water into a pit or shallow well. In Hawaii practically no 
water is obtained from shallow wells driven into an upland surface. 
With few exceptions, wells dug in upland areas having 50 to 150 inches 
of rainfall wil] first penetrate moist surface soil and subsoil that 
yields no moisture and then pass down into more permeable, pro- 
gressively less weathered rock that contains no visible moisture. 

The mass of rock beneath the moist soil is mostly dry all the way 
down to near sea level. This is attested by hundreds of well borings, 
as well as thousands of feet of tunnel not specially driven to pass 
through known bodies of water. It is true that ground water is 
reached at high levels, but this is in rainy areas where dikes form 
vertical barriers or where sills or other tight strata cause perched 
water. 

We cannot doubt that water continually percolates downward 
through the porous rock masses several hundred to 3,000 feet thick 
and feeds the body of basal water lying near sea level. Calculation 
will show why water is not more evident in the rock. If we assume 
that 50 incbes of rain passes vertically downward each year, as it 
must on the average, we have an average daily total of about 80 
gallons to pass through 100 feet of tunnel 10 feet wide. Eighty gallons 
a day is only about a cup a minute. Such an amount dispersed in 
each 100 feet of tunnel hardly would be discernible. The impression 
would be that water was completely absent. 

The foregoing shows why random, “wildcat” wells and tunnels, 
even in rainy areas, have small prospect of success. Tunnels and 
wells must penetrate where there are natural concentrations of water. 
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Hicu-Levun Warer.—On severa] dissected volcanic cones more 
or less parallel dikes have pushed up along linear rift zones in areas 
of fairly high rainfall. These dikes may confine water to the norma] 
volcanic rock between them. The excess water overflows, sometimes 
over steep cliffs, and gives rise to springs and perennial streams. 
Large amounts of water have been developed in Hawaii by driving 
tunnels through high ground to penetrate one of these dike barriers. 
Water so reached may be under pressures equivalent to 100 feet or 
more of head and often discharges in large quantities at first. The 
ultimate flow-—commonly but a fifth to a tenth of the original— 
depends on the amount of rainfall available to replenish the body of 
ground water that has been tapped. Often the period of declining 
flow lasts several years, or even 20 or 30 years. 

Decline in flow from tunnels that tap high-level water should be 
considered in terms of the relationship between storage volume and 
annual net yield. Few tunnels in Hawaii have been recorded ac- 
curately enough to justify elaborate analysis, but the importance of 
the basic relationship is now realized and methods are gradually 
being improved. Experience with progressive decline has led to the 
placing of bulkheads after tunnel driving is completed. The bulkheads 
allow limiting the water drawn to the amount needed. During tunnel 
construction, of course, much water is often unavoidably wasted, 
especially if the project is for domestic supply. 

In the Pahala area of Hawaii, a considerable supply of perched 
water has been developed by driving tunnels at the top of an impervious 
layer of ash. This suggests that similar ground water might be cap- 
tured elsewhere on the islands. Some promising studies have been 
made, but it does not appear that relatively large amounts of water 
will be recovered in this way. 

In southeastern Oahu, late volcanic eruptions took place at more 
than thirty vents. Lava flows and cinders from these vents were 
added to the valley fill in a number of valleys that had been cut much 
deeper than their present levels during the earlier great erosion 
interval. At a number of places in these valleys—chiefly those occu- 
pied by these late volcanic rocks—there are perched bodies of ground 
water only a few feet below the surface. 

On East Maui there are numerous occurrences of perched ground 
water resulting from various structures in voleanic rocks (78). 

Basan WarER.—By far the largest source of ground water is the 
great lens of fresh water that floats on sea water within the rocks of 
all the larger islands. This water accounts for the larger part of the 
infiltration derived from rainfall. It floats on the sea water because 
it has less density; it collects in the permeable rocks because of capil- 
lary resistance to lateral discharge to the sea; it accumulates to a 
height above sea level such that the rate of escape can equal the 
rate of rainfall infiltration. 

This fresh water, though it is discharged slowly, is a floating body. 
Like all floating bodies i$ must displace a weight of fluid equal to its 
own weight. Sea water has a specific gravity of about 1.025, or one- 
fortieth greater than fresh water. It follows that a body of fresh 
water will be in floating equilibrium with sea water when its volume 
above sea level is about one-fortieth its volume below. 
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If because of its resistance to dispersal, fresh water is maintained 
sligbtly above sea level for any length of time, it will gradually move 
downward in the rocks until it forms a lens having the outlines of the 
island or the outlines of the permeable rocks of that island. This lens 
of fresh water will have a depth below sea level about forty times its 
height above sea level. This principle of floatation has been called 
the Ghyben-Herzberg hypothesis. It was discovered in lands border- 
ing the North Sea late in the last century and has been verified in 
other parts of the world (1, 11, 27). 

A great amount of information on the relationship between fresh 
and salt water has been collected in Hawaii during the past 70 years. 
Though local conditions are quite variable, there is no doubt that the 
Ghyben-Herzberg relationship chiefly accounts for tbe occurrence 
and availability of fresh water around the margins of islands and at 
low levels through much of the Hawaiian Islands (29). 

Two conditions have made the Ghyben-Herzberg principle especially 
important in Hawaii. First, as & rule, the relatively permeable rock 
formations through which the ground water infiltrates extend upward 
and downward from sea level a thousand feet or more without notable 
change in character. Because this flow formation is so deep and 
uniform in permeability, the fresh-water lens in Hawaii tends to take 
the symmetrical geometric form required by the Ghyben-Herzberg 
principle to far greater extent than lenses on most coasts of the world. 
'The other condition is caused by a thick, effective caprock formation 
in some places, especially in the Honolulu-Pearl Harbor area and in 
several others on Oahu. The caprock retards the outflow of fresh 
water, so the head—or amount above sea level—is increased to 10, 20, 
or even 40 feet. The increase in amount of water above sea level 
means an increase below sea level in the proportion of 40 to 1, so 
below-sea-level water may be hundreds or even & thousand feet deep. 
This condition is not known in such degree in any other part of the 
world. It means an enormous storage of water that has well served 
the Honolulu community. "This abundance, however, has obscured 
the fact that rainfall is the source that must ultimately be relied on, 
and that supplies are less copious than they first appeared. 

Artesian wells can be drilled where coastal caprock of weathered 
sediments and late volcanics holds a thick lens of fresh water. Wells 
drilled at a surface elevation lower than the elevation of the head, or 
top, of the lens will flow because of artesian pressure. In developing 
water near the coast, wells have been drilled hundreds of feet below 
sea level before reaching the base of the caprock and entering the 
aquifer. By such practical tests, the limit below which fresh water 
cannot be developed has been determined. The depths revealed by 
such borings confirm the broad principles of Ghyben and Herzberg. 

Unfortunately these principles were not earlier understood. The 
drilling of wells on low ground or near the place of desired use has 
required drawing water from depths in the lower third or fourth of the 
fresh water zone that existed at the time of drilling. Lowering of the 
head through excessive draft has thinned the lens and allowed the 
saline zone at the bottom to rise. In consequence, many wells 
originally fresh now draw salt water (70). 

Wherever basal water is exploited by drilled wells, the temptation 
is to drill too deep, cither to get sufficient yield, or in the case of 
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artesian wells, to reach the aquifer where the caprock is relatively 
thick. In selecting sites for wells it should be assumed that heads of 
fresh water will be reduced as flow continues and that the zone of 
transition between fresh and salt water will rise. Water cannot be 
taken artificially from such a ground water body without causing some 
shrinkage. Even under ideal use, some shrinkage may be desirable 
to reduce the amount lost by natural leakage. Because these facts 
are not considered, many wells quickly become untenable as sources 
of fresh water. Nearly all such drilled wells face this eventual pos- 
sibility, though the supply of basal water may still obscure the fact. 

There is now a well established trend toward use of so-called skim- 
ming tunnels rather than drilled wells in getting water from the basal 
lens (10, 21). These tunnels are driven near sea level; their bottoms, 
as conditions warrant, are some inches or feet below the basal water 
level. The tunnels lead into a sump, from which the water is pumped. 
Because a larger yield area is exposed in a tunnel than in a well, the 
required drawdown is smaller, and furthermore, is applied near the 
top of the water body rather than in its deeper part. For these rea- 
sons, it is practically certain that more water containing less salt can 
be obtained from a skimming tunnel than from a drilled well. More- 
over, well casings become corroded and eventually must be replaced, 
both to be effective and to conform to Territorial law. 

Progressively more and more single wells, as well as groups of 2 to 
20 wells that have served larger pumping stations and plantation sys- 
tems, are being replaced by basal tunnels of the skimming type that 
are located farther inland. It is believed that by 1978—100 years 
after the first artesian well was drilled on Oahu—there will be little 
water produced from artesian wells. 

To some extent, replacement of artesian wells by skimming tunnels 
will permit safe operation at lower heads of basal water. According 
to hydraulic theory, operation at lower heads should produce some- 
what larger amounts of water because less would be lost by outward 
leakage. The gain of usable water through this change, which nec- 
essarily will be a slow one, will be partly offset by a slow decline in 
the amount of water in the deeper part of the Ghyben-Herzberg lens. 
Shrinkage of the lower part of the lens can be expected as operation 
at lower basal heads increases. 

It is not evident to this author that building of additional basal 
stations and retirement of deeper artesian wells will produce more 
water annually in the Honolulu-Pearl Harbor sector or similar fully 
developed areas. The basal stations may only ease conditions of 
operation and better assure safe passage through recurrent dry periods. 

Skimming tunnels offer the only suitable method yet devised for 
developing water where the basal lens is thin, but are not a complete 
solution. The larger outlines of geologic structure and ground-water 
supply are now well established. We cannot escape the fact that large 
areas on all the bigger islands, as well as most of the extent of the 
smaller islands, have low rainfall and no perennial streams. In these 
areas the lens of basal water is commonly thin, is already somewhat 
saline, or will become saline when subjected to artificial draft. This 
is reasonable to expect. Contrasts in annual rainfall are large among 
the various areas in Hawaii. Rainfall is the source of ground water, 
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so its contrasts are more than matched by those in supplies of basal 
water. 

In evaluating thin basal lenses as sources of water, it should be 
remembered that the Ghyben-Herzberg doctrine requires merely that 
the land water be substantially lighter than the salt water. It does 
not imply or guarantee that such land water will be so free of saline 
contamination that it will be suitable for household use or agriculture 
(27). Also, experience in the chief artesian areas of Oahu has shown 
(1) that the zone of transition between salt and fresh water is com- 
monly 100 to 300 feet in half width, and (2) that adequately fresh 
water does not commonly come from a depth below sea level close to 
40 times the height of the head above sea level. These facts are con- 
sidered in exploring coastal areas with little or no caprock. If the 
basal head in such an area is not more than 1 or 2 feet it cannot be 
expected that the 40 to 80 feet of fresh water floating below sea level 
will escape being somewhat brackish. Nevertheless, exploration of 
coastal supplics and development of marginally brackish water will 
become increasingly necessary as efforts to utilize land in the drier 
parts of the Islands are made. 


WATER SUPPLY BY ISLANDS 


The most compact statistics on water supply for the whole Territory 
are in reports of the Territorial Planning Board (4). "These statistics 
are based on data collected by the United States Geological Survey, 
(23) the United States Weather Bureau, the Board of Water Supply, 
and various other agencies. The Territorial Division of Hydrography, 
in collaboration with the United States Geological Survey, has issued 
reports on geology and water resources for several islands. 

In this section the chief interest is in amount of rain falling directly 
on the soils and supplies of surface and ground water that can eco- 
nomically be applied to the soils. An attempt will be made to sum- 
marize the existing and controlling conditions of water supply for the 
larger segments of each island. Effort will be made to define the 
fundamental rainfall supply, to show to what degree that supply is 
concentrated in large perennial streams or in bodies of ground water 
that can be tapped, and to mention pipelines delivering water for 
domestic use. The rainfall distribution for the eight islands of the 
Territory is given in table 3. 

Oahu.—Water supplies on Oahu have been more completely de- 
veloped and are better known than those of any other island (21). The 
various kinds of water supply on Oahu exemplify the kinds on other 
islands, but because of great differences in geologic history and struc- 
ture, the methods of development used on Oahu should not be followed 
closely on the other islands. 

Most important in the Oahu water supply is the exceptional lens of 
basal ground water in the Honolulu-Pearl Harbor area. Paralleling 
the shoreline in this area for a distance of 20 miles is a head of fresh 
water currently 20 to 30 feet above sea level. This area contributes 
a large fraction of the total ground water discharged on Oahu. The 
total ground water discharged on the island is probably nearly 20 
percent of the rainfall. 
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TABLE 3.—Rainfall distribution in Hawaii 


Annual rainfall 
Talend Aren 300 | 200 | 100 | 50 | 25 
Mean | inches) inches] inches} inches! inches} Total 
ae + + 
i Million 
Square Square|Square Square|Square|Square| gallons 
males | Inches| miles | miles | miles | miles | miles | per day 
Hawaii........... 4, 080 | 65.4 |... 157 876 |1, 710 |1, 120 12, 550 
Maui see 728 | 85.6 34 95 193 | 350 | 200 2, 970 
Oahu soc t eer eres 604 | 68.0 2 29 108 | 283 92 1, 957 
Kauai............ 555 | 87.8 11 26 190 | 368 48 2, 320 
Molokai- --------- 260 | 45.9 J-.----j-.-__- 32 77 102 570 
Lanai............ {4l | 22.6 1: ee laus coles ectm a] 89 182 
Niühbau. oe oo T2 3020 d escasa EP 72 55 
Kahoolawe........ 2g Mh D^ [sce ae mc RODA RR 45 27 
Territory ...... 6,435 1167.2 47 | 307 |1, 399 |2, 788 1,768 | 20,601 


! Total mile-inches divided by total square miles; hence, 432,560+6,435= 
67.2 inches. 


The ground water in the Honolulu-Pearl ITarbor sector was first 
developed by artesian wells. Flow from the wells, eventually more 
than 300 of them, caused depletion of the basal head and some shrink- 
age of the deeper, sub-sea-level, part of the basal lens. In various 
places the basal head is now 5 to 15 feet lower than it was originally. 
Depletion of the basal head has caused fatal saline encroachment in 
many deeper wells in a belt along the coast. It has brought increased 
salinity to a large number of the wells in the Pearl Harbor area and 
to a smaller number of those farther inland in the Honolulu area. 

It is evident that all the artesian wells eventually will have to be 
abandoned. The changeover to basal skimming tunnels is now well 
underway ; nearly a third of the total draft is now taken from skimming 
stations. 

If all artesian wells are sealed and water from the free-flowing 
springs at Pearl Harbor is salvaged, it appears that the basal head at 
its present level might maintain production at somewhere near 270 
million gallons a day. Some additional production—it is not known 
how much—might be achieved by operating at lower heads. In the 
opinion of this author, however, the ultimate safe yield of the Pearl 
Harbor-Honolulu sector was closely approached during the period 
1940-49. Supporting this opinion is the decline in yield from the 
shrinking bottom storage and the decrease in operating head. New 
skimming stations no doubt will be built. Apparently they will 
provide additional water, but in reality they will allow only more 
flexible access to the same supply. 

There are smaller basal water accumulations with heads ranging 
from 10 to 15 feet in the Waialua and Kahuku areas on Oahu. 
Each was originally tapped by artesian wells. Each is destined to pro- 
duce increasingly saline water as the head is lowered. To hold the dis- 
charge near its present value, the wells eventually will have to be 
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replaced by basal skimming tunnels. The basal supply in some parts 
of the Waianae area is less promising than those in the Waialua and 
Kahuku areas. 

Occasional exploration for basal water continues in Oahu, but the 
main sources already have been outlined. Except in artesian areas 
heretofore mentioned, the basal water around much of the coast has 
heads of only 1 or 2 feet. In some areas, as in the Koolaupoko, basal 
water does not exist in any known systematic balance with sca water, 
Locally, small amounts of basal water may be obtained for livestock 
or limited irrigation, but in the sense of municipal supply or com- 
mercial agriculture, the supply is practically nonexistent. 

The Waiahole tunnel system of Oahu is one of the best examples of 
exploiting high-level water confined within a dike complex. This 
system has furnished upward of 25 million gallons of water per day 
for several decades. The dike complex extends southward from the 
Waiahole area several miles. A total of some 7 or 8 million gallons 
per day is now developed from this complex at Kahaluu, Haiku, 
Luluku, and Waimanalo. 

In the Koolau area inland from Kalihi, Nuuanu, or Manoa, the 
dike complex lies in low ground on the windward, or dry, side of the 
crest. In consequence, tunnel systems in this area could not be ex- 
pected to produce as much as those south of Waiahole. It is unlikely 
that a total of more than 10 or 12 million gallons per day can be 
developed from a dike complex south of the Waiahole system. The 
territory eastward from Diamond Head on the leeward coast and 
eastward from the Maunawili area on the windward coast will con- 
tinue to be water-poor because both rainfall and favorable geologic 
Structures are lacking. Water will have to be piped to these areas 
from farther west. 

On the plateau that extends & short distance north and south of 
Wahiawa and Schofield Barracks there is a body of ground water 
standing about 275 feet above sea level and, according to geophysical 
measurements, in balance with sea water. It is not known why this 
body appears at such a high level, or what area of watershed it draws 
upon. This body has been exploited by the United States Army 
shaft south of Wahiawa and by 3 or 4 other wells north of that point. 
The body has not been tested beyond 5 or 6 million gallons per day, 
so its eons) capacity is not known. 

In the Waianae area relatively low rainfall warns us not to expect 
large amounts of ground water, Some of the valleys on the leeward 
slope are almost without water; others, such as Waianae, have some 
springs at high levels and a moderate amount of basal water, part of 
it artesian. The high-level springs and tunnels are fed from a dike 
complex and yield materially less water than would be obtained from 
a similar complex on the more rainy Koolau Range. Dissolving of 
the Waianae Company and abandonment of sugarcane growing in 
this part of the island have encouraged homesteading and subdivision. 
This brings new problems of water supply that will not be solved for 
many years. 

The need for domestic and agricultural water likely will be acute 
in the Waianae area indefinitely. Considering the homesites that 
will be laid out, it is not yet evident that sufficient water for domestic 
use can be provided. Still less evident are means whereby water can 
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be provided in amounts sufficient for effective agriculture over the 
whole area of arableland. Importing of water from the Pearl Harbor 
or Schofield area has been discussed, but the writer does not know of 
a sound economic plan or of a crop that would pay the charge. 

Considering Oahu as a whole, the water-supply situation is much 
the same as for the Honolulu-Pearl Harbor area. The present 
measured water discharge is not far from the ultimate total. The 
problem of water supply has passed from one of discovery and ex- 
ploitation to one of hydrologic management and control. The success 
of hydrologic control, voluntarily or otherwise achieved, will determine 
the limits for agricultural and municipal growth on Oahu. Probably 
attempts will be made to exploit some of the brackish basal water for 
special purposes, but there is extremely small prospect of getting 
significant supplies that will meet present standards of potability. 

Kauai.— Tbe island of Kauai receives an average annual rainfall of 
about 88 inches, the highest rainfall of the island group. About 34 
percent of its area gets more than 100 inches annually. A segment at 
the southwest, measuring about 48 square miles, receives less than 25 
inches; the eastern and southeastern coastal strips receive 35 to 40 
inches. 

On Kauai a large part of the rainfall—probably a larger part than 
on any of the other islands—is discharged as runoff. The amount of 
ground water is relatively less than on Oahu or parts of Maui. Free 
basal ground water occurs on the north, the east, and south coasts. 
There is sufficient caprock to produce artesian water along the south- 
eastern coast, and to small extent along about 5 miles of the eastern 
coast. Nevertheless, the total developed ground water on Kauai is 
Jess than 20 million gallons a day, or less than 1 percent of the rainfall. 
Further exploration no doubt will reveal some additional ground water, 
but the geologic structure of Kauai indicates that the total yield in re- 
lation to rainfall will not approach that in the more productive parts of 
Oabu. 

When ultimate water utilization is reached on Kauai, direct rainfall 
and irrigation for surface flow will contribute a larger percentage of 
the total supply than on Oahu, and the percentage from ground water 
will be less than on Oahu. The total measured use from surface and 
ground water supplies probably will be less than on Oahu. 


Niihau.—The island of Niihau has generally low rainfall and no 
perennial streams. On the basis of incomplete records, it nowhere 
receives more than 25 inches per year. In table 2, the average is esti- 
mated at 16 inches, but data needed for drawing isohyetal lines are 
lacking. 

Only two or three small high-level springs have been found on 
Niihau. Of the more than 50 waterholes and drilled wells entering 
basal water, only 3 show a salinity of less than 25 grains of salt to the 
gallon. These three wells are in tuff or dune sand. More than half the 
wells and waterholes analyzed have 100 to 500 grains of salt to the 
gallon (17). The entire basal lens on Niihau is brackish. It is possible 
that small amounts of fresh ground water may be found on this island. 
It is certain, however, that water supplies for irrigation or keeping of 
more than a limited number of livestock do not exist. 
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Molokai.—This island has a wet eastern and dry western part. 
About a fifth of the island receives more than 60 inches of rainfall 
annually, but this area is mostly rugged and not readily accessible. 
On the island the larger part of the arable land lies where annual 
rainfall ranges from less than 10 inches to about 40 inches. Data on 
water supply and modes of occurrence have been summarized by 
Stearns and Macdonald (20). 

Various springs and test wells show that basal ground water derived 
from rainfall underlies much of the island. It is evident that the 
Ghyben-Herzberg condition exists in fairly stable form, but the acces- 
sible margins of the lens are already somewhat contaminated by salt 
or would soon become so under moderate pumping. Recent borings 
and more complete understanding of hydrologic conditions suggest 
that some fresh ground water can be taken from properly designed and 
operated wells and skimming tunnels. Considering the greater ex- 
pense of development imposed by the thin basal Jens, it is hard to 
estimate how far economical exploitation can go. The earlier water 
exploitation on Molokai under methods similar to those used on islands 
such as Oahu and Maui was quite discouraging. The measured 
ground-water discharge on Molokai is probably less than five-tenths 
percent of the rainfall. 

It is thought that about 50 million gallons of water per day can be 
obtained by tunneling in the dike complex in the dissected part of East 
Molokai (5). The ruggedness of this area and its distance from points 
where water can be practically utilized makes exploitation of this 
possible source a large-scale operation. So far, acceptable financing 
for such development has not been found. 

Western Molokai is one of the areas in Hawaii where atmospheric 
conditions occasionally appear favorable for production of rain by the 
dry-ice method, It is not yet clear that such atmospheric conditions 
can be considered a water resource. 

On much of the southern shore of East Molokai, rainfall supple- 
mented by local springs supports a fringe of population living largely 
in the old Hawaiian pattern. The area is classified as grazing land. 
Eventual water supply will determine whether this area will support 
the same or a larger population practicing a varied cash-crop agricul- 
ture and served by piped community water. 


Lanai.—This is the smallest island that has what can be called a 
rain forest near its summit. This forest area is quite small and does 
not receive a maximum of more than 40 inches of rainfall annually. 
Rainfall on most of the arable land ranges from 25 inches down to less 
than 20 inches annually. Maunalei is the only stream that generally 
shows perennial flow. Surface water is diverted to reservoirs for wa- 
tering stock. Stearns has presented a sketch of water utilization on 
the island (15). He estimates the average total ground-water infiltra- 
tion at about 21 million gallons per day, or approximately 15 percent 
of the rainfall. Probably only a small fraction of this infiltration can 
be developed. 

Various seeps, springs, and shallow pits along the shores of Lanai 
yield water that is derived mainly from rainfall. These show that the 
rocks of the island contain a lens of basal water floating on salt water. 
The basal water is too saline for drinking. The performance of the 
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lower Maunalei shaft, dug with much care to avoid unnecessary salting, 
indicates that no significant quantity of water suitable for agriculture 
or household use can be recovered from the basal lens. 

A tunnel driven under the floor of Maunalei Gulch at an elevation 
of 1,100 feet yields an average of about one-fourth million gallons 
daily. Itis believed that this flow comes from water confined between 
dikes that have been cut by the stream valley. Higher up in the same 
valley several tunnels have been driven in or near the dike complex, 
but only one—the upper Maunalei shaft—has yielded substantial 
amounts of water. This inclined shaft penetrates to the water-bear- 
ing rock between the dikes, and the flow is drawn from a well that 
reaches uearly 400 feet lower than the portal in Maunalei Gulch. 
Annual draft from this tunnel was around 10 million gallons during 
the period 1937-39, with pumping at 144,000 gallons per day. Accord- 
ing to Stearns, the total high-level water developed on Lanai is about 
one-half million gallons per day (15). 

In summary, Lanai shows accumulations of fresh ground water in 
all the places where it can be expected on basaltic islands, but generally 
in small quantities and limited areas. The various sources of supply 
are smaller, show water of poorer quality, and are more expensive to 
develop than comparable ones on larger islands. This fact must be 
faced. Recoverable water goes down as the size of the island, total 
rainfall, and rainfall per square mile go down. Kauai, Oahu, and 
Maui may be considered the most favorable type of high island; they 
have heavy rainfall, deep dissection, dike complexes, and at least local 
areas of coastal plain. The large development of coastal plain 
on Oahu places it far ahead of the other islands in ground-water 
production. 


Kahoolawe.— Without question, this is the driest island of the group. 
It has a long history of attempted stock raising. Adequate records 
are not available, but the maximum rainfall at any point may not 
exceed 25 inches annually. General rainfall over the smoother parts 
is probably less than 15 inches. Also, in all areas of low rainfall such 
as this, the rainfall is extremely variable by the month or year. This 
should be remembered when grass and trees show encouraging green- 
ness following favorable rains. Even small amounts of ground water 
would be of great value on Kahoolawe, but neither geologic survey 
nor the electrical resistivity survey of 1939 is encouraging. The 
basal lens is apparently less than 1.5 fect above sea level. The pros- 
pect of getting supplies of usable water from this lens hardly justifies 
the high cost of an adequate, full-scale exploration (15). 


Maui.—The island of Maui receives heavy rainfall over large areas. 
À maximum fall of 350 inches is reached both on East Maui and West 
Maui. Parts of each of these domes are deeply dissected and have 
geologic structures favoring high-level accumulation of water. Basal, 
nonartesian, water is found at the eastern end of East-Maui and across 
the Maui isthmus, as well as around the whole margin of West-Maui. 
A large area on the northeastern slope of East-Maui has perched water 
in lava-filled valleys. No artesian water has been discovered. 

The general outlines of ground-water occurrence on Maui are known. 
Further exploration likely will not materially change the picture. 
Parts of East-Maui are of complex geologic structure, however, and 
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complete disclosure of details by drilling and complete exploration 
will take a long time. The total known ground-water discharge on 
Maui approximates 11 percent of the rainfall (18). 


Hawaii.—The island of Hawaii, nearly six times the size of Maui, 
presents such varied water supply conditions that its ultimate poten- 
tiality can be forecast only in the most general terms. First we must 
recognize that only three areas on the island have rainfall adequate 
for varied agriculture. The first of these is the Hamakua-Puna part, 
measuring about one-fourth of the island area, that receives 80 to 240 
inches annually. A large part of this area is in forest. The second 
area is Kohala, measuring nearly 150 square miles and receiving 60 
to 200 inches annually. The third is the upper Kona area, a strip 30 
miles long that receives 60 to 100 inches through the action of sea- 
to land winds in the trade-wind lee of Mauna Loa and Puu Hualalai. 

The Hamakua-Puna and Kohala rainfall areas give rise to an impor- 
tant area of basal water stretching from Pahoa northward to Kohala. 
This basal supply has been exploited only locally. The Kohala 
Mountains rainfall also supports an interior area of dike-confined, 
high-level water, some perched ground water, and, in the Waipio Bay 
area of the windward slope, several relatively large perennial streams. 
Numerous smaller perennial streams occur along the entire windward 
coast southward as far as Hilo. 

The third area of favorable rainfall, the Kona, is apparently too 
small to produce a strictly fresh Ghyben-Herzberg lens along the Kona 
coast. Nevertheless, general oceurrence of brackish water indicates 
that the lens exists. There is no geologic structure in this area pro- 
ducing concentrations of fresh water or perennial streams. 

In total effect, rain in the Kona area does the following: (1) Supports 
sectors of fine forest in the zone between 1,000 and 5,000 feet if cattle 
are excluded and (2) permits some subsistence agriculture and home- 
steading by use of roof catchment. Probably attempts will be made 
to exploit some of the brackish basal water for special purposes, but 
there is extremely small prospect of getting significant supplies that 
will meet present standards of potability. 

Substantially all the available information concerning ground-water 
supplies on Hawaii has been compiled by Stearns and Macdonald (19), 
whose text should be consulted for details. As they have pointed out, 
large amounts of water await development in the Kohala and Hama- 
kua-Puna sections. The interior of Hawaii, however, in large part 
receives rainfall ranging from 40 inches down to less than 20 inches. 
Water will always be scarce in this interior area from elevations of a 
few hundred feet up to 10,000 feet or more. The total ground-water 
discharge on the island of Hawaii is only about 6 million gallons per 
day, or approximately one-twentieth percent of the rainfall. 


GENERAL SUMMARY OF WATER SUPPLY 


A hydrologic inventory of the islands would set up outside limits 
of water supply that could not be ignored. Unfortunately, we cannot 
start with total rainfall, subtract evaporation, transpiration, and 
runoff, and then assign the remainder as water infiltrating the ground. 
Because we lack precise knowledge of transpiration and evaporation, 
we cannot determine the ground-water residue for any island or large 


NATURAL ELEMENTS OF THE LANDSCAPE 25 


section of an island. The discussion following therefore will point out 
only marked differences in rainfall and resulting water supply that are 
well established. 

The total rainfall for the eight islands is about 20 thousand million 
gallons daily (see table 2). Hawaii gets 12.6 thousand million gallons 
of this total; Maui, 3.0; Kauai, 2.3; and Oahu, 2.0. These four islands 
account for 19.9 thousand million gallons of the total. The relatively 
small remainder falls on the other islands— Molokai, Lanai, Niihau, 
and Kahoolowe. Amounts falling on Molokai and Lanai are fairly 
well established. Only rough estimates are available for Niihau and 
Kahoolawe; they may be in error by 20 or 30 percent, but this still 
does not appreciably affect the rainfall total for the Territory. 

Differences in geologic structure of the various islands cause fairly 
large differences in the way the rainfall is dispersed. On Kauai, for 
example, totals of average flow from many large streams indicate that 
runoff from the island exceeds half the rainfall. No other island has 
such a large percentage of runoff. West Maui is probably the only 
area having runoff anywhere approaching that on Kauai. Large 
parts of the Islands, including at least half the island of Hawaii, have 
no runoff at all. Another large fraction has no perennial streams. 
Only about a fourth of the Hawaiian Islands has runoff during most of 
the year. This does not mean the other three-fourths has no runoff; 
it simply means runoff is small and surface water is not available for 
domestic use or agriculture, Lack of surface water emphasizes the 
importance of ground water as a source of supply. 

On Oahu, the measured ground water is very close to 25 percent of 
the total rainfall; for Maui, it is around 10 or 11 percent of the rainfall. 
All the other islands have percentages falling below these. Some 
change in amount of ground water exploited and measured can be ex- 
pected, but is evident that broad contrasts will not be changed ma- 
terially. Kauai, with high surface runoff, will continue to have low 
supplies of ground water. Oahu, with low surface runoff, will have 
large supplies, In relation to total area, the island of Hawaii cannot 
approach Kauai, Oahu, or Maui in percentages of rainfall accounted 
for in either surface runoff or ground water. 

In the foregoing discussion of water supply, the emphasis has been 
on water resources for land areas rather than municipalities. Those 
interested in data on water supplies for town and villages should refer 
to reports of the Territorial Division of Hydrography. The sources of 
water for exploited municipal use follow the general patterns of water 
supply development for the various islands. The tendency is to use 
ground water more than other sources for municipal supply. This 
trend will continue as more areas are supplied with metered water and 
as the suppliers meet Territorial health and quality standards. 


LITERATURE CITED 


(1): Brown, J. S. i 
1925. A STUDY OF COASTAL GROUND WATER. U. 8. Geol. Survey Water 
Supply Paper 537, pp. 14-20, illus. 
(2) Cox, Jorr B. 
1942. WATER AND HAWAIIAN AGRICULTURE. Paradise of the Pacific 54: 
21-24, illus. 
(3) HarsrEAD, M. H., and Lrzororp, L. B. 
1948. MONTHLY MEDIAN RAINFALL MAPS. In Pineapple Res. Inst. Rpt. 2, 
1-18, illus. 


SOIL SURVEY OF TERRITORY OF HAWAII 


Hawan TERRITORIAL PLANNING BOARD. 
1939. SUMMARY OF RECORDS, DECEMBER 1939. SURFACE WATER RESOURCES 
OF THE TERRITORY OF HAWAII, 1901—1938. pp. 1-411. 
Howzrr, Huan. 
1088. FINAL REPORT OF WATER SUPPLY STUDIES, HAWAII, ISLAND OF 
MoroKar U. 8. Bur. of Reclam., pp. 1-61, illus. 
Lxoror», L. B., and Strpp, C. K. 
1049. A REVIEW OF THE CONCEPTS IN HAWAIIAN CLIMATOLOGY. Pacific 
Sci. 3: 215-225. 
MacDoxar», G. A. 
1940. PEYROGRAPHY OF KAHOOLAWE. Hawaii Div. of Hydrography Bul. 6, 
pp. 149-173. 
1940, PETROGRAPHY OF THE WAIANAE RANGE, OAHU. Hawaii Div. of 
Hydrography Bul. 5, pp. 61-91, illus. 
NaAkAMURA, W. T. 
1933. 4 sTUDY OF THE VARIATION IN ANNUAL RAINFALL OF OAHU ISLAND 
(HAWAIIAN ISLANDS) BASED ON THE LAW OF PROBABILITIES. 
U. S. Weather Bur. Monthly Weather Rev. 61; 354-360, illus. 


Onnr, F. 
1047. WATER DEVELOPMENT AND SALT WATER INTRUSION ON PACIFIC 
ISLANDS. Jour. Amer. Water Works Assoc. 39: 979-988, illus. 
Parwuxzm, H. 8. 


1927. THE GEOLOGY OF THE HONOLULU ARTESIAN SYSTEM. Honolulu 
Sewer and Water Comn. supplement to 1927 rept., pp. 1-68. 
Powers, W. E., and Wentwortrs, C. K. 
1041. AIR MOVEMENTS AND WEATHER IN THE MAUNA KEA-MAUNA LOA 
SADDLE, HAWAU. Amer. Meteor. Soc. Bul. 22, pp. 6—13, illus. 
Sarrx, J. G., and Duncan, A. J. 
1945. SAMPLING STATISTICS AND APPLICATIONS. 2: 209-218. New York. 
Srearns, H. T 
930. anouNp-wATER RESOURCES. Hawaii Territorial Planning Board 
ist Progress Rpt., pp. 142-152, illus. 


1940. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLANDS OF LANAI 
AND KAHOOLAWE, HAWAU. Hawaii Div. of Hydrography Bul. 6, 
pp. 1-147, illus. 

1946, GEOLOGY OF THE HAWAIIAN ISLANDS. Hawaii Div. of Hydrography 
Bul. 8, pp. 1-106, illus. 


1947. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLAND OP NIIHAU, 
mawat, Hawaii Div. of Hydrography, Bul. 12, pp. 1-38, illus. 

——— and MACDONALD, G. A, 
1942. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLAND OF MAUI, 
HAWAIL Hawaii Div. of Hydrography Bul. 7, pp. 1-344, illus. 


1946. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLAND OF 
HAWAIL Hawaii Div. of Hydrography Bul. 9, pp. 1-363, illus. 
1947. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLAND OF MOLO- 
KAI, HAWAIL Hawaii Div. of Hydrography Bul 11, pp. 1-87, 
illus. 
—— —- and Vaxsvig, K. N. 
1935. GEOLOGY AND GROUND-WATER RESOURCES OF THE ISLAND OF OAHU, 
HAWAIL Hawaii Div. of Hydrography Bul. 1, pp. 1-479, illus. 
Stoo, C, K., and Lsororp», L. D 
1948. GEOGRAPHIC DISTRIBUTION OF MEAN MONTHLY RAINFALL, HAWAII. 
{Manuscript in files of Pineapple Res. Inst., Honolulu.] 
UNITED STATES GEOLOGICAL SURVEY. 
1909 to date. SURFACE WATER SUPPLY OF HAWAI. [Published annually.] 
WENTWORTH, C. K 
1928. PRINCIPLES OF STREAM EROSION IN HAWAI. Jour. Geol. 36: 
385-410, illus. 


NATURAL ELEMENTS OF THE LANDSCAPE 27 


(25) 

1939. GEOGRAPHIC BACKGROUND: PHYSICAL GEOGRAPHY AND GEOLOGY. 
Hawaii Territorial Planning Board 1st Progress Rpt., pp. 13-20, 
illus. 

(26) ——— 

1946. GEOGRAPHIC VARIATION IN ANNUAL RAINFALL ON OAHU. Univ. of 

Hawaii Res. Pub. 22, pp. 1-14, illus. 
(27) 

1947. PROGRESS IN THE ESTIMATING OF GROUND-WATER SUPPLIES IN 

Hawai. Amer. Geophys. Union Trans. 28: 266-268. 
(28) ——— 
1947. CYCLES IN RAINFALL AND VALIDITY IN PREDICTION OF RAINFALL 
IN HAWAIIL Pacific Sci. 1: 215-220. 
(29) 
1047. FACTORS IN THE BEHAVIOR OF GROUND WATER IN A GHYBEN-HERZ- 
) BERG SYSTEM. Pacific Sci. 1: 172-184, illus. 
(30, 

1949. DIRECTIONAL SHIFT OF TRADE WINDS AT HONOLULU. Pacific Sci., 

3: 86-88, illus. 
(31) 


19051. GEOLOGY AND GROUND-WATER RESOURCES OF HONOLULU—PEARL 
HARBOR AREA, OAHU, HAWAIL pp. 1-111, illus. Board of 
Water Supply, Honolulu, Hawaii. 
(32) WiNCHELL, H. 
1947. HONOLULU SERIES, OAHU, HAWAIL Geol. Soc. Amer. Bul. 58, 
pp. 1-48, illus. 
(383) Zimmerman, E. C. 
1948. INsEcTS OF HAWAH, 1: 1-52, illus. Univ. of Hawaii Press. 


THIS SECTION describes the broad distribution patterns of 
Hawaiian plants in terms of relationships to climate and 
elevation. It serves as a background for considering vegetation 
as a factor in soil formation and as a product of the soil. 


VEGETATION 


By WILLIAM CROSBY, Territorial Forester, and E. Y. HOSAKA, Specialist 
in Pasture Management 


VARIOUS remnants of native forest indicate that the first Polynesian 

settlers found trees growing on all parts of the Hawaiian Island ex- 
cept a few very dry leeward areas and recent lava flow. The Poly- 
nesians cleared only limited areas for cultivation and made little use 
of forest products, so forest must have occupied most of the land when 
the islands were discovered by Captain Cook in 1778. 

Growing contacts with European and American countries brought 
great changes in the peoples of Hawaii and their occupations and 
customs. The forests were rapidly destroyed as land was cleared 
for an expanding agriculture. Plant introductions were made in 
large number and great diversity. Many of the introduced plants 
became established as part of the natural, or wild, vegetation and 
profoundly changed the plant composition of both cleared and un- 
cleared areas. 

Grazing animals—cattle, sheep, and goats—were the foremost 
cause of forest destruction. They were first introduced by Captain 
Vancouver during his voyage of 1792-93, The Hawaiians were 
delighted to have this additional source of food. The chiefs restricted 
slaughter of the few animals liberated. They ran free, multiplied 
prolifically, and spread over the greater part of the accessible forested 
areas. The forest flora had developed in total absence of animal life, 
and the sharp-hooved animals feeding on the leaves and injuring the 
root systems soon destroyed the native forest in large areas. 

At the time of Captain Cook’s visit, about 3 million acres of the 
approximate 4 million acres of land in the Hawaiian Islands must 
have been forested. "Today, remnants of the native forest measure 
less than one million acres, and these occur almost entirely in the 
Territorial Forest Reserve, which is protected from grazing and other 
exploitation. 

Early use of timber was not excessive. Ohia lehua, most abundant 
and widespread of the native Hawaiian trees, furnished a moderately 
hard and durable wood used by the early Hawaiians for posts and 
poles and by the early white settlers for flooring and general construc- 
tion. Koa—principal source of logs for the Hawaiians’ dugout canoes 
and an excellent interior-finish and furniture wood—was cut for local 
use but was not available in quantities sufficient for export. Cutting 
of sandalwood brought forest utilization to its peak during the first 
half of the nineteenth century. In this period the great sandalwood 
trade with China developed and continued until all the readily accessi- 
ble stands were completely cut, 
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Soil Survey of the Territory of Hawaii 


Sandalwood (Santalum freyceneitanum) in kukui type forest. 


Soil Survey of the Territory of Hawai: PLATE 2 


A, Ohia type forest at elevation of 3,500 fect. 

DB, Remnants of Ohia and large koa trees being killed by grazing in Ohia type 
forest at elevation of 5,000 feet. 

C, Ohia type forest, at 5,000 to 6,000 feet clevation, that has been killed by 
grazing. 


Soil Survey of the Territory of Hawaii PLATE 3 
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Koa type forest. 


Soil Survey of the Territory of Hawaii PLATE 4 


A, Mamani type forest at elevation of 6,500 to 7,500 fect. 
B, Silversword (Argyroxyphium sandwicensis) at elevation of 10,000 feet. 
C, Introduced forest (Prosopis chilensis) on leeward costal plains. 
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As the forest line receded under the attack of increasing numbers of 
wild cattle, sheep, goats, and hogs, large areas once forested became 
sites for cattle ranches and sugarcane plantations. This brought a new 
chief use of timber. Firewood was needed for sugar mills and house- 
hold use. As the number and size of the mills increased, the cost and 
difficulty of getting firewood grew rapidly. Considerable planting 
of trees for firewood was done before fuel oil and kerosene were gener- 
ally adopted for use in furnaces and stoves. 


An island vegetation is delicately balanced. A slight disturbance 
of equilibrium often leads to its partial or complete destruction. This 
happened in Hawaii. Many of the introduced trees, grasses, and herbs 
found their new habitat so ideal that they became dominant in many 
locations and almost completely forced out the native species. Such 
are the vegetation zones now dominated by algaroba, lantana, cactus, 
pamakani, koahaole, and guava. Large areas such as the Waimea 
plateau on the island of Hawaii that probably were forested now 
appear as natural grasslands because ranchers have persistently elim- 
inated trees and shrubs and established improved pasture species. 
The result of all these changes is a present vegetation markedly differ- 
ent from the original in dominant species and often in vegetation type. 


VEGETATION TYPES 


Using the general classification of vegetation, five formations can 
be pointed out on the Hawaiian Islands: Shrub, forest, parkland, bog, 
and moss-lichen. These formations do not exist on all the islands, 
nor are the altitude limits of the formations the same on all the islands. 


Shrub formation.—This formation occurs in varying widths along 
the coastal lowlands. On the lee, or dry, sides of the islands it extends 
farther up the slopes than on the windward, or wet, sides. 

The shrub formation is characterized chiefly by guava (Psidium 
guajava), lantana (Lantana camara), koahaole (Leucaena glauca), klu, 
(Acacia farnesiana), cactus (Opuntia megacantha), and piligrass 
(Heteropogon contortus). In wet places along streambeds and on 
shaded slopes, guava forms a dominant cover, but in dry areas and 
rocky places other species are common. In certain localities cactus 
and koahaole form homogenous thickets. Other vast areas are spotted 
with clumps of lantana, with Bermudagrass (Cynodon dactylon) and 
Natal redtop (Tricholaena repens) covering the interspaces. Pili 
occurs in solid to scattered areas in the open, rocky places. 


Forest formation.—This formation is found above the shrub forma- 
tion on the leeward dry areas and down to sea level on the windward 
areas. Forest cover extends from an altitude of about 1,000 to 9,000 
feet. Within this formation, however, there is considerable variation 
resulting from the varying aspects of topography in relation to pre- 
vailng winds, rainfall, and differing temperatures produced by 
altitude, lava flows, cultivation, and grazing. 

In this formation there are tall trees and an undergrowth of shrubs 
and ferns intermixed with tangling vines. At higher altitudes where 
fogs are common, the trees are covered with epiphytes. At the lower 
elevations, kukui trees (Aleurites moluecana) 25 to 50 feet tall form a 
conspicuous light-colored canopy along the gully bottoms. On the 
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lower island, koa (Acacia koa) forms a prominent part of the forest 
from about 1,000 to 6,500 feet elevation. Koa is usually scrubby and 
heavily branched at lower elevations, but grows into oos trees at 
elevations between 4,000 and 6,500 feet. Mamani (Sophora chryso- 
phylla) is found at elevations ranging upward from 5,000 feet to the 
timberline at 9,000 feet. Ohia lehua (Metrosideros polymorpha) is the 
characteristic tree in the wet forests at altitudes of 1,500 to 4,000 feet 
and on new lava flows at lower altitudes. Along the dry coastal 
alluvial flats and gullies, algaroba (Prosopis chilensis) trees 40 to 50 
feet tall form a good growth. These algaroba trees form a solid 
stand on the flats and a rather open growth on the slopes. Swollen 
fingergrass (Chloris inflata) makes excellent growth where the stand 
of algaroba trees is somewhat open, and where the trees are thick, 
bristly foxtail (Setaria verticillata) is dominant. The growth of these 
grasses is most conspicuous during the rainy season. 


Parkland formation.—This formation occurs on the upper slopes of 
the high mountains on the islands of Maui and Hawaii. It is dominant 
at an altitude of about 7,000 feet, where the climate is dry and cool. 

The vegetation characteristically consists of scattering clumps of 
trees and occasional shrubs. Common plants are naenae (Raillardia 
sp.), mamani (Sophora chrysophylla), naio (Myoporum sandwicense), 
ohelo (Vaccinium reticulatum), puakeawe (Styphelia tameiameiae), 
aali (Dodonaea eriocarpa), bracken fern (Pteridium aquilinum var. 
decompositum), heu pueo (Trisetum glomeratum), and mountain pili 
(Panicum tenutfolium). 


Bog formation.—This formation is found in areas of extremely high 
rainfall at altitudes ranging from 4,000 to 6,000 feet. The topography 
is normally level. Drainage is poor, and channels of water occur 
between hummocks of generally low and stunted plants. Common 
plants in this specialized type of vegetation are violets (Viola sp.), 
sundew (Drosera longifolia), ohia lehua, plants of the Plantago, 
Lobelia, Cyperus, and Panicum species, and moss. The bigger plants, 
such as ohia lehua and those of the Lobelia species form small clumps 
on the tops of isolated hummocks and are completely or partly covered 
with moss. Plants of the Cyperus and Panicum species form tufts 
in colonies. 


Moss-lichen formation.—This formation is found above timberline 
on the summits of high mountains. Itis alpine in character. Rainfall 
is low and frost is frequent. Snow covers the ground occasionally 
during the winter months but seldom persists except in depressions 
near the summits. This formation is above the zones occupied by 
seed-bearing plants. The ground is barren of higher plants. Ocea- 
sional chance clumps of silversword (Argroxiphium sp.) (see pl. 4, B) 
and kalamaloa (Deschampsia nubigena) have been recorded. 


FOREST TYPES 


The original native forests may be classified into four types: (1) 
Dryland, (2) Ohia, (3) Koa, (4) Mamani. 

Dryland forest type.—On the leeward areas and on old lava flows 
ranging from sea level to about 2,000 or 3,000 feet, there is a distinct 
dryland type of forest cover dominated by native Hawaiian species— 
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wiliwili (Erythrina monosperma), ohe makai (Reynoldsia sandwicensis), 
and olopua (Osmanthus sandwicensis) (pl. 1). 

In the gully bottoms and moist locations, kukui (Aleurites moluc- 
cana) often forms distinctive stands. It occurs on both windward 
and leeward sides of the islands and merges into some parts of the 
Ohia forest type. 


Ohia forest type.—Semimoist to wet areas at altitudes ranging from 
500 to about 6,000 feet are occupied by this forest type (pl. 2). It 
replaces the Dryland forest type as increased elevation and gaps in the 
mountain formations bring more rainfall. Ohia lehua is the dominant 
species, but in this type are found Hawaiian ebony (Diospyros sand- 
wicensis), loulu palm (Lupritchardia sp.), kolea (Myrsine lessertiana), 
kopiko (Straussia kaduana), and tree fern (Cibottum chamissoi). 

Within the Ohia forest type are found bog areas such as the Alakai 
Swamp on Kauai, and Eke Crater and Puu Kukui on the island of 
Maui. In these areas Metrosideros persists as small trees or shrubs 
and is accompanied by various species of Lobelia or by other plants. 


Koa forest type.—The koa, largest and best known of the Hawaiian 
trees, generally reaches its best development at elevations between 
4,000 and 6,500 feet on the islands of Maui and Hawaii (pl. 3). These 
trees grow as much as 60 feet high and have diameters of 10 to 12 feet. 
The rainfall is about 40 to 50 inches annually. Remnants indicate 
there must have been an excellent stand of koa around the south and 
west slopes of Mauna Loa, Mauna Kea, and Puu Hualalai before 
large development of cattle ranches began. 

It is interesting to note that the two trees outstanding in number and 
commercial value—ohia lehua and koa—show their best development 
on the island of Hawaii, which is considered the most recent geologi- 
cally, and particularly on the slopes of Mauna Loa, which still has 
periods of volcanic activity. Koa will often show vigorous root sprout- 
ing and prolific seed germination where light fires have occurred, but 
growth on the geologically older soils tends to be twisted and scrubby. 
In contrast, young, well-formed, vigorously growing koa trees are 
noted on the new soils on the slopes of Mauna Loa. 

Koa is one of the few native Hawaiian trees that will handle satis- 
factorily in nurseries and was therefore used for several years in an 
effort to reestablish koa forests. Results on older soil formations have 
been uniformly disappointing. Frequently the trees die out after 15 
or 20 years. 

Ohia lehua is difficult to handle and not satisfactory for nurseries 
and planting. The natural regeneration shows the same tendencies 
as for koa. The more recent soil formations produce large well-formed 
trees; the older formations, small scrubby ones. 


Mamani forest type—At about 5,000 feet on the islands of Maui 
and Hawaii the stands of ohia lehua begin to thin out, and mamani 
(Sophora chrysophylla) becomes the dominant tree (pl. 4,4). In many 
areas it continues to an elevation of 9,000 feet, and to limited extent, 
up to 10,000 feet. Some of the trees commonly found with mamani 
are naio (Myoporum sandwicense) and koa (Acacia koa). 


Introduced forest type.—In addition to the native forest types 
already described, there is an introduced, distinet, dryland forest type 


Tasty 4.—Classification of introduced trees as to suitable climate, planting site, and uses in the Hawaiian Islands 


[1 Normally trees will not grow satisfactorily in areas receiving less than 25 inches of annual rainfall, but many species do excellently in areas averaging around 30 inches. Distribution 
of rainfall and the presence of underground water flow from areas of higher rainfall affect this in someareas. Because of frequent concentration of rainfall and prolonged dry 
periods, it is considered advisable to list areas of 20 to 40 inches of rainfall as arid. 

[?Spacing of trees in the field: (1) In forest planting, trees normally should be planted 8 by 8 to 10 by 10 feet for good form and growth for timber; this spacing requires thinning 
when the trees are 25 to 30 feet high to prevent crowding of crown space and reduced growth rate; (2) for purely watershed planting, spacing can be spread to 15 by 15 or 20 by 20 
feet; (3) on areas subject to heavy winds, spacing should be reduced to 8 by 8 or 8 by 12 feet for mutual support in young stages] 
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ium | | 


* 
T 
1 
t 
i 
1 
i 
i 


Acacia confusa. 
Acacia melanozylon 
Albizzia moluccana. 
Alnus nepalensis. 
Araucaria excelsa 


Norfolk pine. 
Tuai... 


HO a d 


De be Pt bd ba be 
T 
' 
i 


Beach windbreak. 
.| Sear planting. 

Scar and windbreak, 
Furniture-pattern lum- 


Casuarina equisetifolia- 
Casuarina glauca... 
Casuarina montana 
Cedrela australis... 


=| £ 
Mountain ironwood...|... 
Australian redcedar...|.....|.....| x |..—.] X | X |... 


MOM MM 


Cedrela mexicana._----.-.- Cigar-box cedar....... 
Chamaecyparis lawsoniana.| Port Orford cedar... 


IS 
i 
i 
x 
' 
i 
z 
7 
i 
i 
U 
S 


: chests, ship 
plank, poles. 


Ld 
b 
H 
a 
§ 
a 
g 


Cinnamomum camphora 
Cryptomeria japonica E 
Cupressus lusitanica- Se cypress.. 
Cupressus maerocarpa. -_- Monterey cypress. .... 
Enierolobium cyclocarpum 

cyclocarpum 
Eucalyptus citriodora. 


bt bd od ad 


D 


LIBE BEN Ei 


Grevillea robusta... 


Melaleuca leucadendron. 
Ochroma lagopus. 
Pinus caribaea. 
Pinus patula 


-| Posts, cedar chests. 


LE 


-| Lightest wood known 


1 
1 
i 
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bd bd bd be Pe ps bd pe pd bd bd bd opd bd 


GE 


TIVMVH dO AHOLDINOL AO ATWAYAS 'IIOS 


Pinus pinea. . Stone pine 
Pinus taeda -.| Loblolly pine 
Quercus suber. Cork oak 


Monkey pod....... 
Indian sandalwood- 
Redwood...... 


Samanea saman- 
Santalum album . 
Sequoia sempervirens. 


Swietenia mahogani Mahogany... 
Tamarindus indica... ‘Tamarind... 
Tecoma pentaphylla. -.| Yokewood. 
Tabebuia Donnel-Smithi...| Primavera. 
Tectona grandis-------- eak..... 
Terminalia myriocarpa. JahIna..... 
Thuja plicata.. Western redcedar. 
Tristania conferta. Brush box........ 


X 
x 


x 
x 
x 
x 
x 
x 


x x 

x x 

x x -| Bark is the source of 

cork, 

X fasc 2 

x x 

x x 

x xX 

X x 

x x 

x x 

X x Ship plank. 

x x 

£ x Shingles, posts, poles. 
X |== X 


1 Climate is roughly divided by elevation and rainfall into the following zones: 


Type: a Pn t Rainfall 
x OW -onoo ee 
Aridi seise Vick 7777 9, 000 t9 7/000 foot] 20 to 40 inches. 


Ot 


Semiarid...{ 40"; 


High. 7, 000 feet. 
Low. 1, 000 feet 

Semiwet.. ..« Mediu: , 
m 
2, ee! 
Wet........ { 5, 000 feet. 
Very wet. f " 000 feet, 


$000 foet 0 to 60 inches. 
3,000 fet 60 to 80 inches. 


} 80 to 150 inches. 
900 at 150 to 500 inches. 


2 Planting sites are divided as follows: 
I Shallow ridge tops and slopes. 
Ta Erosion areas exposing subsoil. 
Ib Windswept ridges. 
n Deep soil in valley bottoms and on lower ridge slopes. 
III Poorly drained and swampy soils. 
3 Trees are listed in four classes according to their best use: 
1. Trees for watershed cover that will reproduce themselves, maintain high shade, 
grow rapidly, and encourage growth of low cover. 
2. Trees suitable for general planting that will produce high-quality fence posts and 
telephone poles. 
3. Trees suitable for planting outside watersheds that will produce high-quality 
hardwood, veneer woods, or have other special qualities of economic importance. 
4, Trees suitable for rough construction lumber. 
4 Symbol “x” indicates that species jssuitable for the climate and planting site indicated 
at ane head of the column in which it occurs, and also the tree class to which the species 
belongs. 
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at elevations ranging from sea level to about 1,500 feet (pl. 4, C). 
Dominant in this forest type is the algaroba (Prosopis chilensis). 
This tree started from a few seeds brought by Father Bachelot, a 
French priest who came to the Islands in 1820. His planting at the 
Catholic Church grounds in Honolulu has been spread over the major 
part of lower dry areas on all the islands, partly by planting and partly 
by cattle feeding on the beans. 


REFORESTATION 


Need for reforestation grew as vast areas of native forest were 
destroyed by grazing. Difficulties encountered in attempting reforest- 
ation with native species led to introduction of many foreign species 
and their trial in general plantings and in arboreta. During a period 
of about 25 years, some 200 introduced species have been tried under 
varying conditions, and from these 45 species have been selected as 
giving generally most satisfactory results. Table 4 lists selected 
species according to the climatic-elevation zone and the usefulness of 
the trees and products. 

The problem of water supply has given reforestation its main im- 
petus, but growing attention to land classification and removal of 
marginal sugar and pineapple areas from cultivation have stimulated 
interest in planting for timber production. Estimates for early plant- 
ings and records a later years show that some 34,000 acres of Govern- 
oe forest land and 58,000 acres of private holdings have so far been 
planted. 


SOILS ARE used and managed in a cultural and economic 
environment. The authors of this section describe the use of 
land as property so we may know the pattern into which soil 
use and management must fit. 


LAND UTILIZATION 


By PERRY F. PHILIPP and RALPH ELLIOTT, Associate Specialists in Agricultural Economics, 
Agricultural Extension Service, University of Hawaii 


THE LAND area of the Hawaiian Islands, about 4,100,000 acres, is 

broken down by various uses in table 5, and by ownership, in table 
6. By calculating percentages from acreages given in table 6 and 
adding figures on valuation from the 1948 report of the Tax Commis- 
sioner (/0), we arrive at a tabulation of ownership and assessed 
valuation as follows: 


HAWAIIAN ÍSLANDS 
: " Assessed 
Class of ownership: Ownership valuation 


Government agencies: (percent) (percent) 
Terntonal..--2: 2n lsdese-seteewmeeu 33.0 8 
Tederal..--...ecuelc-eezseBLe4 den 5.5 33 
Hawaiian Homes Commission, city and 

COUNTY RM doc cubeee seemed 4. 2 1 

Privates usns r orap ea cs aS nAn n 57. 3 58 


As indicated in the foregoing tabulation, the area of Government- 
owned land is large, about 42.7 percent of the Hawaiian Islands. 
Most of the land owned by the Territorial Government is used for 
forest reserves or grazing, or is wasteland. The primary purpose of 
the forest reserve is to provide plant cover that will prevent rapid 
runoff and erosion during rains. The Territorial land has a low 
assessed value. The Federal agencies own a proportionally small 
acreage, but the area owned by the Armed Forces has a high assessed 
valuation. The Hawaiian Homes Commission, established in 1920 
for resettling Hawaiians on the land, has the smallest acreage and a 
very low assessed valuation. The high-value lands are mainly those 
privately owned or held by the Federal Government. 

Most of the private lands are held by a few trusts, corporations, 
and individuals. In 1948, 15 percent of the privately owned land 
was held by the largest owner, and 69 percent, by the 50 largest 
owners. All private owners, other than the 50 largest ones, held only 
31 percent of the private lands in the Islands (6). 


UTILIZATION OF AGRICULTURAL LAND 


The acreages of agricultural land used for plantation crops, diversi- 
fied crops, and pasture are given in table 7. As therein shown, the 
1951 acreage in cultivated crops was only about 18 percent of the 
total agricultural land; the rest was in pasture. Also, of the propor- 
tionately small acreage cultivated, 95 percent was used for two crops— 
sugarcane and pineapple. The value and volume of sugarcane, pine- 
apple, and other crops produced in the Hawaiian Islands are given 
in table 8, and the number of commercial agricultural enterprises and 
number of farms, in table 9. 
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TABLE 5.—Land utilization in Hawaii, by islands and for the Territory, 1951 


(Sources: For agricultural land, forest reserve, and total land area, University of Hawaii Agricultural economies report (14), for land use 
by Army, Navy, Air Force, and National parks, the Surveyor of the Territory.] 


ati nee m Maui and Lanai and Kauai and 
Ttem Territory Hawaii Kahoolawe Molokai Oaku Niihau 
Per- Per- Per- Per- Per- Per- 
Acres cent Acres cent Acres | ceni Acres cent | Acres cent Acres cent 
Agricultural land _._..------- 1,706, 000 | 41. 6 |L, 100, 000 | 42. 7 (204, 000 | 41. 3 1125, 000 | 48. 7 | 90, 000 | 23. 9 |187, 000 | 46.9 
Forest reserve -------------- 1, 210, 155 | 29. 5 716,250 | 27.8 |160, 055 | 32.4 | 52, 805 | 20.6 |120, 425 | 31. 9 |160, 620 | 40.3 
Army, Navy, and Air Force | | | 
lanG soa el eee lol 58, 367 1.4 727 () 1, 341 0.3 | 24, (9 | 54,195 | 14.4 | 2, 080 0.5 
National parks. ------------- | ? 213, 403 5.2 | 2196, 273 7.6 | 17,130 | 3.5 DP ec | 0 Lll O nonien 
Other land 8_....0.--.------.. ! 911,915 | 22.2 560,190 | 21. 8 !'111.554 | 22. 6 | 78, 811 | 30. 7 |112, 340 | 29. 8 | 49, 020 12, 3 
Total land area_--------- 14, 099, 840 1100. 0 2, 573, 440 (100. 0 494, 080 1100. 0 256, 640 |100. 0 376, 960 |100. O (398, 720 | 100. 0 
1 Less than 0.1 percent. 3 Cities, towns, campsites, roads, wasteland, and land not other- 
2 Of this total 48,652 was authorized bv Congress but has not yet wise specified. 
been officially turned over by the Territory to the National parks. + Includes the whole area of Kahoolawe, or 28,800 acres. 
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TABLE 6.— Government and pray owned lands in the Hawaiian Islands, 1948 + 


; Molo- 
" i ; , | Kahoo- EUNT | _kini, 
Item Territory | Hawaii Maui | Molokai; Lanai | s. Oahu | Kauai | Niihau | Lehua, 
and 
Kaula 
Federal land: Acres Acres Acres teres | Acres | Acres Acres Acres | Acres Acres 
D SS Army! cu lieem-l6ecscepeeL85ses 30, 917 727 18 10" |: nes --.| 28, 082 2, 080 |.------|-------- 
USS: Navy ocres sec eu caek eek oe 29, 728 |........-. 2, 682 | 275 sete Suemesu| 26,764) JF ileeccsa (eee 
uoc n of Interior (National | 
ipM ML EUM YE 164,891 | 147,621 | 17,270 |... LLL scccl c csccs|oeessmss]ee e o LLm emm jee 2n 
other Federal lands..............-- 1, 207 249 209 TT li 23 156 18 liem 404 
Totals. 2224-2 cavexsocceesee ss 226, 743 148, 597 | 20, 179 362 11 23 | 55,002 | 2,165 [....... 404 
Territorial land: Cp c9 j 3 i 
Board of Agriculture and Forestry --| 670, 620 448, 355 1103, 503 | 14,013 |------ sasas 27,055 | 16,799. |: 
Other territorial Jands__-_-_-.------ 685, 389 552, 668 | 45, 265 | 10, 375 71 |28, 800 | 17, 208 30, 986 TS nlt 
QU —————— 1, 356, 009 |1, 001, 023 |148, 768 | 24, 388 | 71 |28, 800 | 45, 163 ror, 781 I5: |e seee a. 
Other Government-owned land: | l | | 
Hawaiian Homes Commission. ...... 169, 385 | 91, 535 | 20, 198 | 25, 976 |_-..---!------- 38,027 | 28,788 |. nsum 
Honolulu City and County and other 
COUNTIES + 2.2.4. c Soe Sos eee 4, 083 478 623 B40 EEN 764 L807 |aeudeca|seoceses 
yir cues ——Ó  ——— € 173, 468 | 92, 013 | 20, 731 | 26,317 |_.-----|------- ! 9,701 | 30,616. |..2-.-.| ose 
Total Government-owned land........ 1, 756, 220 n 241, 633 |189, 678 | 51, 067 82 128, 823 103, 956 140, 562 15 404 
Privately owned land... _------------ 2, 362, 607 n 337, 567 |276, 242 |115, 333 190, 158 i|......- 282, 604 214, 638 146, 065 |........ 
Territorial total?..-.-...--------+- 4, 118, 827 2, 579, 200 1465, 920 |166, 400 |90, 240 28, 823 |386, 560 355, 200 |46, 080 404 


1 Based on Report of the Commissioner of Public Lands and Surveyor of the Territory of Hawaii for the 2 years ending June 30, 1948 (9) 
? Island totals in this table and table 5 based on different surveys. 
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Taste 7.—Utilization of agricultural lands in Hawaii, by islands and for the Territory, 1951 
[Source. University of Hawaii agricultural economics report (14)] 


Item Territory Hawaii Maui Molokai ann Oahu Ed Mud 

Per- Per- Per- Per- Per- Per- 

Plantation erops: Acres cent 1 Acres centi | Acres | ceni! | Acres | cent! | Acres | cent1| Acres | cent 
Sugarcane?.... uu. 221,215 | 13.0 101,380 | 9.2 | 38,025 | 19.1|] 0... 35,230 | 39.2 | 45,680 | 24.4 
Pipeapples3........ ------- 73, 600 4.3 400 0 | 12, 600 6. 2 | 32, 100 | 25.7 | 21, 800 | 24.2 6, 700 3.6 
Total plantation crops!_| 294,810 | 17.3 101, 780 9.2 | 51,520 | 25.3 1 32, 100 | 25. 7 57, 030 | 63. 4 | 52, 380 28.0 

Diversified crops: 5 i E 2 

Coffee $ LL Lee uu. 3,500 |... 3,500 |...... o |- 0 |- 0l. ll. 0 l-a 
Corn, field... ... 22-88. 625 La 212 |... 218 ...... 80 |...... | Ea E55 
Fruits, tree 6 1,932 |...... 294 |...... 228 |...... 02 |... 1,209 lu 26 [ssns 
Nuts, macadamia 8... 2,107 |... 1,476 |_____. 250... 2|... 180.22 263 ...... 
n MEM 166 |... 0 [...... O^ su a as [8| PRIN o Ecsoc 166 ||... 
Taro oooh ae eun 871 |...... 153 juu 95 |... 50 |...... 411 162 | ..... 
Vegetables 7... 5... 4,708 ...... 1, 323 ...... 1, 484 |... 06752255 1,598 Ll... 245 |...... 
Total diversified crops 4_ 14, 000 0.8 7, 060 0.6 2, 300 1.1 280 0. 2 3, 480 3.9 880 0.5 
Total land in crops !._...__-_- 308, 810 | 18.1 | 108,840 | 9.9 | 53,820 | 26.4 | 32, 380 | 25.8 | 60,510 | 67.2 | 53, 260 | 28. 5 
Pasture land +__..________._ 1, 397, 000 | 81.9 | 991, 000 | 90.1 |150, 000 | 73.5 | 93, 000 | 74.4 | 29, 000 | 32.3 134,000 | 71.5 
Total agricultural land ‘_.}1, 706, 000 |100. 0 1, 100, 000 |100. 0 |204, 000 |100. 0 |125, 000 100. 0 | 90, 000 100. 0 1187, 000 | 100. 0 


1 Percentage of total agricultural land. 
2 Acreage at end of 1951 is rounded. 
* Acreage at end of 1951, including fallow land, campsites, and 


roads, is rounded. 
4 Figures are rounded. 


* Commercial acreage only; acreage of flowers and a few unim- 
portant crops such as cotton and grapes not included. 


€ Average acreage during 1951. 
7 Plantings for 1951 harvest. 
8 Acreage at end of 1951. 
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TABLE 8.—Wholesale value and volume of agricultural products pro- 
duced commercially in the Hawaiian Islands, 1952 ! 


Ttem Volume Value 
1,000 
" dollars 
Sugar, raw ?...— geada berian eee ---------bons._{1, 020, 450 
Molasses ?_.-...._...-._.---_.-... LLLA do....| 250,000 } * 138, 860 
pion a 4 A 
Canned fruit... LLL LL LL panha R Cases... 13, 905 
Canned juice... a e e ee cue e OS ee 9, 650 } * 100, 000 
Total plantation crops .__---.-..------------.---|--.---_-_- 238, 860 
Fruits, fresh (except pineapples) - ----__- 1,000 pounds... 15, 700 1, 125 
Vegetables, fresh____________-------.-.------- dozs- 47, 080 4, 582 
Taro (for manufacture) |... ca-sceosssÜ0L Ls 12, 180 542 
Coffee, green € i250) som oec ic cR AC do.... 7, 700 3, 900 
Corn, field, shelled....... 2 Lc so. E o se 380 22 
Macadamia nuts, unshelled_-.--------..---_-.. do.... 965 165 
Rice; milled. sosi car scceuceedeatuee eere do.... 845 | 136 
PBlowers--.2ssssecReSnscp2ome c cocos entente dee e zd 3, 000 
Total diversified crops---__----------..-...-------|-----__-_- 13, 472 
Beef cattle-.....--..------------e-2ee eee eee bead..| 34,200] 8,602 
Dairy products: 
Butcher cows and calves- --------- nC head. . 2, 620 655 
Mille: S cede ee 1,000 quarts..| 37,442 7, 301 
Sheep products: 
Mutton ooh thee ores Bee head... 2, 460 40 
Wüolizn-sLcc2c24slzent e cens ced 1,000 pounds. - 55 35 
SWIG =o) ee a ee ee a Bt EUM head __ 66, 900 3, 951 
Poultry products: 
Bggs 6 cone cess eke nee 1,000 dozens... 4, 753 3, 722 
Meatbirds...22.--.elscscecoceccesesuerud number..| 793, 000 1, 845 
Bee products: 
Honey, extracted-------------------- 1,000 pounds. . 584 56 
Bees Ware coe tobe ellos eet ee aS aS dois 7 3 
Total livestock, poultry and bee products_--_.______]...-.-22.- 25, 770 
Total livestock and diversified erops_._--..-..--___._.|_-_-______ 39, 242 
Total agricultural marketings. |... 2l Loca 2} eee 278, 102 


1 All data are for calendar year 1952, unless otherwise indicated. 

2 Data from Hawaiian Sugar Planters’ Association. 

* Approximate value of raw sugar, molasses, and Sugar Act Conditional Pay- 
ments to Hawaiian sugarcane producers. 

4 Pineapple data are for fiscal year ended May 31, 1952. 

5 Approximate value of total pack. 

5 Estimates for crop year ended June 30, 1952. 


SUGAR 


Growing and processing of sugarcane is the oldest and largest agri- 
cultural industry in the Hawaiian Islands. Sugarcane was indigenous 
to Hawaii at the time of its discovery, but production had reached only 
2 tons in 1837. By 1876, production had increased to 13,036 tons of 
raw sugar per year (8). Production reached a peak of slightly more 
than 1 million tons a year in the early 1930’s, and then gradually 


40 SOIL SURVEY OF TERRITORY OF HAWAII 


TABLE 9.—Number of commercial agricultural enterprises and number 
of farms, by islands and for ihe Territory of Hawaii, 1952 


[Sources: U. S. Department of Agriculture, Production and Marketing Adminis- 
tration, for number of sugar growers; Pineapple Research Institute of Hawaii 
for number of pineapple growers; University of Hawaii agricultural economics 
report (14) for all other enterprises.] 


| 
Molo- g 
; P Kauai 
Enterprise Terri- | Hawaiil Maui e Oahu and 
tory ee Niihau 
| Lanai 
Beef cattle t--------------- 405 226 90 | 21 20 48 
RN 3 2 0 0 0| 1 
Dairy ?_.._-------------- ee 76 20 6 2 44 | 4 
hi pa hee SeA 588 96 71 37 344 | 40 
Poultry 5... uam 378 132 33 5 184 | 24 
Bees 1... . --------------- 25 3 12 3 5 2 
Total livestock. -------- 1415 | 479| 212) 68| 597 119 
PATO e a ost oo eos 280 92 87 11 33 57 
Other vegetables------------ 1, 465 308 360 48 659 90 
Fruits. ees sees 343 104 81 8 144 | 6 
Coffee Ma--———— 706 705 1 0 0 0 
Macadamia nuts... 99 63 9 8 4 20 
Rice i-em sen 53 0 0 0 0 53 
Flowers..-----------.------ 632 834 45 0 240 13 
Total diversified crops t--| 3, 578 | 1, 606 583 | 70 | 1,080 239 
Total commercial diversified | 
enterprises 3.___.__-_----- 5,053 | 2, 085 795 | 188 | 1, 677 358 
Total diversified farms *..... 3, 642 | 1, 396 583 | 83 | 1, 325 255 
Sugar: 
Plantations... -_.___----- 28 13 3 0 4 8 
Small planters------------ 1, 501 | 1, 489 0 0 0 12 
Pineapple: 
Plantations- ---~--------- 15 1 3 4 3 4 
Small growers. ----------- 111 0 74 0 1 36 
Total sugar and pine- 
apple 1_.-.-__-------- 1,655 | 1, 503 80 4 8 60 
Total commercial enterprises 3-| 6, 708 | 3, 588 875 142 | 1, 685 418 
Total farms 5... .....| 5,249 | 2, 883 638 87 | 1, 333 308 


1 Dec. 31, 1952. 

? Aug. 31, 1952. 

3 Some farms have more than 1 enterprise. 

4 In this estimate, each farm is listed only once, regardless of number of 
enterprises. 


declined to 680,000 tons in 1946. Since then it has increased steadily 
and exceeded one million tons in both 1952 and 1953. The acreage in 
sugarcane increased from 127,000 in 1900 to 252,000 in 1934 and then 
declined to 222,000 in 1952 (^). 

The increase in sugarcane production following 1875 has been 
encouraged by favorable Federal policies. "The United States signed 
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a reciprocal trade agreement with Hawaii in 1875. Annexation of 
Hawaii in 1898 brought the islands within the United States tariff 
system. A series of Federal acts such as the Jones-Costigan Act of 
1934, the Sugar Act of 1948 and the 1951 amendment, all included 
Hawaii within the sugar quota system of the United States. 

Capital invested in the sugar industry was estimated at more than 
175 million dollars in 1952 (5). The wholesale value of 1,020,000 tons 
of raw sugar and the 250,000 tons of molasses produced that year 
amounted to almost $139,000,000 (table 8). Close to 222,000 acres 
was in cane in 1952. The crop requires 18 to 24 months to mature, so 
the area harvested that year was about 108,000 acres, with an average 
yield of 9.44 short tons of sugar per acre (5). 

Most of the land now occupied by sugarcane consists of former 
forested areas, useless arid areas, or semiarid pasture land. The sugar- 
cane acreage 1s in lowland tracts; attempts to grow it at levels above 
2,000 feet are seldom made. About 2,000 tons of water is needed to 
produce a ton of sugar. Slightly more than half of the cane area is 
irrigated, and this irrigated part produces a little less than two-thirds 
of the total sugar. The rest of the sugarcane is grown on the wet 
windward sides ot the Islands and is entirely dependent on rainfall (2). 

ORGANIZATION OF THE INDUstRY.—From the beginning, sugar 
production has been a larger scale operation than typical Mainland 
farming. The unit of organization is the plantation, which grows the 
cane and manufactures it into raw sugar. Historically, there has been 
a steady decrease in the number of plantations, offset by a correspond- 
ing increase in their size. In 1952, 28 plantations were in operation 
(table 9), and the average area planted to sugarcane per plantation 
was 7,900 acres. The smallest plantation had 600 acres in sugarcane, 
and the largest, 25,000 acres (5). Together, these 28 plantations 
owned 122,800 acres of caneland and leased 89,800 acres from the 
government and private owners (4). 

Five large agencies, called sugar factors, serve the plantations. 
These factors handle the fiscal matters of the plantations, much of 
their purchasing, and the shipping of sugar and molasses. The 
Hawaiian Sugar Planters’ Association is the central organ that 
coordinates policy, planning, and research for the Hawaiian sugar 
industry. 

Physically, each plantation consists of the land controlled by the 
company, the sugar mill, shops and central offices, a transportation 
system, the plantation town, and villages for plantation employees. 
In addition to the land used for growing sugarcane, many sugar com- 
panies hold considerable acreages of nonarable land used mainly for 
water conservation or grazing. 

The plantation town usually has a business district with stores, a 
motion picture theater, a recreation field and gymnasium, a hospital, 
and such public services as electric lighting, a water system, and police 
and fire protection (7). 

GROWING AND PnoczssiNa.-—Sugarcane has to be milled within a few 
days after it is cut. Production schedules therefore must be planned 
carefully so that cane will be continuously delivered in quantities large 
enough, but not too large, to keep the mill at full operating capacity. 
Field operations are highly mechanized; tractors, heavy mechanical 
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nee equipment, and large trucks or narrow-gage railways are 
used. 

The optimum ripening period for cane lasts from the latter part of 
March to the end of July. By proper control of cultural practices, 
sugarcane can be ripened and harvested any month of the year in 
Hawaii. 'To keep the permanent labor force employed, plantations 
harvest their cane during 9 to 11 months of the year. During off- 
season months, the labor force is employed at repair and upkeep work, 
as well as regular agricultural operations. 

In 1952 approximately 1,500 small sugar growers had under cultiva- 
tion about 24,000 acres, or about 11 percent of the total sugarcane 
acreage. All but 12 of these family-sized farms were located on the 
island of Hawaii. 

The small sugar growers have two types of agreements with the 
plantations: as adherent planters or as independent growers. Under 
the adherent planter arrangement, plantations have the right to make 
many basic decisions in the operation of the small cane farms, such as 
the timing of planting and harvesting. "They also furnish fertilizer, 
weedkillers, seed cane, and other supplies at a charge approximating 
cost, and finance the farming operations of the adherent planters. 
The planters usually care for the crop from planting until harvesting. 

In 1951 the plantations offered to small growers a so-called independ- 
ent grower contract which gave the small growers greater independence 
in the management of their farms. In most instances, they are being 
financed by commercial banks. Early in 1953 almost 80 percent of 
the small sugar planters were operating under the new arrangement. 
This constitutes the first break in the long trend of centralization and 
integration in the Hawaiian sugar industry. 


DEVELOPMENTS IN THE InDUStry.—Until the early 1930's the sugar 
plantations found it profitable to intensify cultivation in terms of 
labor, fertilizer, and irrigation, and to extend acreage to areas less 
suited to sugar production. The rise in wages between 1933 and 1940, 
the wartime labor and equipment shortage, the further sharp rise in 
wages since 1944, and the increase in other production costs have 
forced the industry to make many changes. 

The plantations are combating higher labor costs with more mech- 
anization, labor-saving practices, and efforts to increase yields per 
acre. Fields that cannot be worked with mechanical equipment have 
largely been abandoned. Small isolated plantations have been liqui- 
dated. Overhead costs per ton of sugar have been reduced by merging 
adjoining companies and thus inereasing the size of plantations. New 
varieties of cane have been introduced. More scientific and efficient 
agricultural methods have been developed, and the handling of sugar 
in bulk rather than in sacks has become more and more common. 

Hawaiian sugarcane growers, like other domestic cane and beet 
producers, receive Federal subsidies, the so-called conditional pay- 
ments, from the United States Department of Agriculture. Under 
the assumption that sugar prices and Federal subsidies remain near 
present levels, the leaders of the Hawaiian sugar industry expect to 
stabilize production at about 1.1 million tons of raw sugar. In the 
1951 amendment of the Sugar Act of 1948, Hawaii’s quota for the 
continental United States was continued at 1,052,000 tons of raw 
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sugar. An additional quantity of refined sugar is annually allowed to 
Island producers for sale in Hawaii, amounting to 42,000 tons in 1952. 


PINEAPPLE 


Pineapple production is the second most important agricultural in- 
dustry in the Hawaiian Islands (pl. 5, A). Canned pineapple juice and 
fruit are the major products. Pineapple producers proudly point out 
that practically all of the fruit is used 1n the cannery processes. Some 
of the byproducts are pineapple pulp and pineapple bran, both used 
as stock feed, citric acid, alcohol, sugar sirup, and natural sugar. In 
the postwar period several frozen pineapple products have been de- 
veloped, such as fresh frozen pineapple chunks and frozen pineapple 
juice concentrate. Mainland shipments of fresh pineapples are 
expanding. 

Pineapples were exported from Hawaii to the Mainland occasion- 
ally in the 1890’s, but only 5,000 acres was used by the industry as 
late as 1909. The ginaca machine for peeling and coring, patented in 
1913, gave great impetus to the canning of the fruit. Carefully 
planned advertising greatly stimulated the demand for the canned 
pineapple. In 1916 it was found that spraying with solutions of iron 
sulfate prevented the chlorosis of pineapple plants. This made pos- 
sible the growing of pineapple in areas well adapted to the crop but 
high in manganese, as those on the Wahiawa plateau on Oahu. By 
1920 the land owned or leased by pineapple companies amounted to 
about 47,000 acres. 

The most productive pineapple areas on the Islands are those within 
limits of 25 to 60 inches of rain a year. Areas with an average of less 
than 25 inches of rain annually are usually too arid for the crop, and 
in most areas with more than 60 inches of average rainfall both the 
yield and quality may be adversely affected. Irrigation water, if 
available, is supplied to pineapple fields in some of the drier districts. 

On most of the islands, pineapples are grown at altitudes ranging 
from near sea level to about 1,200 feet. On Lanai and Maui, how- 
ever, plantings extend to about 2,000 feet. Pineapples make it pos- 
sible to use many areas not adapted to sugar, including semiarid tracts 
which would not be economically feasible to irrigate. 

ORGANIZATION OF THE InDUsTRY.—The pineapple industry, like 
the sugar industry, has developed in the direction of large-scale planta- 
tions. In 1952, 9 pineapple companies operated 14 plantations and 9 
canneries. A minor portion of the 1952 pineapple crop was raised on 
about 110 small, nonplantation farms, most of which had made 
contracts with canneries. About 73,600 acres was used for pineapples; 
this total included land occupied by fallow fields, roads, campsites, 
and so on (table 7). In 1946, about 33 percent of the land used for 
pineapples was owned by the 9 companies, 61 percent was leased by 
them from various estates, and a small area was leased from the 
government. ‘The small percentage of pineapple land not owned or 
leased by the companies was held by homesteaders or small inde- 
pendent growers (13). 

Some cooperation exists between the various companies, such as in 
their joint sponsorship of the Pineapple Research Institute of Hawaii, 
and a certain amount of joint advertising. However, on the whole, 
the several companies are highly competitive, 


44 SOIL SURVEY OF TERRITORY OF HAWAII 


Growine AND PnocessING.— The first pineapple crop requires 
approximately 18 to 22 months to mature. The second and third 
crops, known as ratoon crops, grow on the already matured plant and 
require only about 12 months each to mature. The greater the num- 
ber of ratoon crops, the smaller the average size of the pineapples. 
The present practice is to grow one ratoon crop, or occasionally two. 
Before a new crop cycle is begun, the soil is fumigated against nema- 
todes. The field may then be replanted at once or it may be left 
fallow for periods of 8 to 9 months. 

Large-scale machinery is used— crawler tractors, heavy-duty plows, 
big spraying outfits, harvesting machines equipped with conveyor 
belts extending over several plant rows, and double-bin truck trailers 
for transport to the canneries. Day-by-day volume of harvesting 
must be closely coordinated with operating levels in the canneries. 
In contrast to the sugar industry, pineapple harvesting and canning 
tend toward sharp seasonal peaks. There is a major fruiting season 
in summer, à minor one during winter, and limited sporadic harvesting 
throughout the year (7). 

Seasonal workers are essential to the industry. Most of these are 
housewives and high school and university students. During the 
postwar years, the industry employed approximately 22,000 persons 
in the peak seasons and 10,000 in the slack seasons. 

DEVELOPMENTS IN THE INDUstRY.—The value of the pineapple 
output has greatly fluctuated from year to year. Insect pests and 
plant diseases have made repeated inroads, and climatic factors, par- 
ticularly variable rainfall, affect quantity and quality of production 
at times. Market forces have been the major cause of tbe industry's 
instability in recent years. Price fluctuations of competing canned 
Íruits and juices, such as canned peaches and grapefruit juice, and 
lately of concentrated frozen orange juice, are important. Another 
reason for unstable marketings is the fact that pineapples are & luxury 
food item. Sales, therefore, are severely reduced by declines of con- 
sumer purchasing power during business recessions. The value of the 
pineapple pack had reached a high of 50 million dollars in 1930 but 
sank to less than 10 million only 2 years later (8). This low was 
followed by & marked recovery to 59 million dollars in 1937, which 
was only 4 million dollars less than the total value of sugar shipments 
in that year (72). The following year, however, the value of pine- 
apple and juice declined 36 percent (7). 

Most of the Island pineapple pack is being consumed within the 
United States; only & small portion is exported. Hawaii now pro- 
duces about 80 percent, of the Mainland consumption of canned pine- 
apple products. The Island industry may expect more competition 
on the Mainland, mainly from the Philippines, Cuba, Mexico, and 
Puerto Rico. 

DIVERSIFIED CROPS 


Crops other than sugar and pineapple occupied only about 14,000 
acres in 1951, or 0.8 percent of the total agricultural land in the 
Hawaiian Islands (table 7). Nevertheless, the wholesale value of 
these crops was high—about 13.5 million dollars (table 8). 


Coffee.—The most important of the diversified crops is coffee, 
which is grown as & family enterprise by about 700 small farmers 
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A, General view of pineapple field showing terrace and control-grade planting. 
B, Tomato production in Hawaii. 
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Among leading commercial fruits in the Hawaiian Islands are: A, bananas; 
and B, papayas. 
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A, This 10-acre pasture on the island of Molokai aecomodates 20 head of cattle 
for 3 weeks. 

B, Most chickens are kept in wire-floored houses such as these on the Hawaii 
Agricultural Experiment Station, 
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High school students in Hawaii. 
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operating groves which are mostly from 5 to 10 acres in size. The 
total area in coffee was 3,500 acres in 1952, and all of this was on the 
island of Hawaii. 

The prosperity of the Hawaiian coffee industry depends largely on 
world prices. The industry was hard hit during the depression of the 
1930’s but became profitable during and after World War II because 
of high coffee prices. With continuing strong demand and high 
prices for coffee in 1953, and lagging production in foreign countries, 
the coffee industry in Kona is expanding. 


Macadamia nuts.—These nuts were grown on about 2,400 acres 
in 1953, and the area is increasing. The nut is of excellent quality, 
and at the present time the Mainland demand exceeds supply. So 
far, Hawaii is apparently the only place where macadamia nuts are 
produced commercially on a significant scale. Up to now production 
costs were such that the nuts had to be marketed as a luxury item. 
However, higher yielding varieties might bring costs down to the 
place where macadamia nuts can compete on a price basis with other 
nuts on the Mainland market. Macadamia nuts are being planted 
mostly in areas previously used for grazing or forest. Both cor pora- 
tions and small farmers on all the major islands are engaged in grow- 
ing macadamia nuts. 


Fruits and vegetables.—Of the total consumed in the Islands, about 
half the fresh fruits and vegetables are grown locally; the rest, as well 
as most canned, frozen, and dried fruits and vegetables, are imported 
from the Mainland. Some of the main reasons for these imports are 
the following: 


1. Cost of importing some crops, potatoes and onions, for example, 
is often less than the cost of producing them in Hawaii. 

2. Some crops, such as most deciduous fruits, grow better on the 
Mainland than in present Island farming districts. 

. Seasonal scarcity of irrigation water is a severe handicap in 
many districts where vegetables and fruits are now grown. 

. Scarcity of long term leases and of fee simple land at prices low 
enough for use of crop farmers discourages production. 


Commercial orchards.—About 1,900 acres was in commercial fruit 
orchards in 1951. Bananas accounted for a little less than half of 
this acreage (pl. 6, A), and papayas for slightly more than a fourth 
(pl. 6, B). The rest was mainly in avocados, mangoes, and citrus 
fruits. A few orchards are owned by corporations, but most of them 
belong to small-scale farmers. In addition to the commercial acre- 
age, there are many different kinds of tropical- and temperate-zone 
tree crops grown mainly for home consumption. 

Some fresh fruits, particularly bananas and papayas, were ex- 
ported to the Mainland before World War Il. Introduction of the 
oriental fruit fly (Dacus dorsalis) after the war stopped all exports to 
the Mainland for a time. Sterilization treatments were perfected, 
however, and nearly 400,000 pounds of fresh papayas were shipped 
to the Mainland in 1952 (4). Mainland exports for canned and 
frozen tropical fruits and fruit products and jams and jellies are 
gradually expanding. 
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Vegetables.—About 4,700 acres was in vegetables in 1951 (table 7). 
Taro occupied an additional area of about 900 acres. This is the 
plant from which poi, the Hawaiians’ staff of life is made. The 1951 
acreage of taro was less than one-tenth the acreage of this crop at the 
time Hawaii was discovered (8). Most of the taro is grown by the 
wetland method; that is, the soil is covered by several inches of water 
most of the time. Some taro, however, is produced in the moist 
uplands without irrigation. 

Great differences in climate in the various areas of the Islands make 
it possible to grow many different truck crops, but insects and dis- 
eases, need for irrigation, and high fertilizer requirements make pro- 
duction costs high. Another factor contributing to high cost is the 
small scale of most operations. Nevertheless, cabbage, watermelons, 
tomatoes (pl. 5, B), cucumbers, and many other Mainland crops are 
produced commercially, as well as vegetables preferred by Orientals, 
such as gobo (burdock), daikon, or watercress. 

Most vegetable farms are primarily family operated, only a few are 
of larger than family size. About four-fifths of the farmers are full- 
time and the rest part-time operators. A little more than one-third 
own their farms; the otherslease. The majority use tractors and other 
farm machinery. Most of the farmers are of Japanese extraction. 

Export of vegetables to the Mainland is limited to a few specialities 
such as ginger, lotus root, and dasheen. Some observers believe that 
prospeets are good for winter shipments of such vegetables as snap 
beans, cucumbers, or green corn to the west coast of the Mainland if 
production and marketing cost can be kept low enough. 


Floral products.—The export of floral products has grown rapidly 
since World War II and amounted to 410,000 pounds in 1952. The 
main exports are vanda orchids, anthuriums, and tropical foliage. 
Many other floral products are produced commercially, mainly for 
consumption in Hawaii. An estimated 600 acres was used for flower 
production in 1952. The wholesale value of the commercial floral 
production in Hawaii was believed to approach 3 million dollars in 
1952. Flower growing is largely a part-time enterprise for most 
growers, particularly those in or near Hilo and Honolulu. 


Rice.—Growing of rice was once the second largest agricultural 
enterprise in Hawaii. The crop oceupied 9,400 acres in 1909, but 
only 160 acres in 1952 (11, 4). Development of the large-scale 
mechanized rice industry in California doomed the Hawaiian indus- 
try, which is limited in the degree of mechanization feasible because 
of small paddies. 


Field corn.—In 1920, during a period of mc prices, corn occupied 
10,000 acres. The area in this crop was down to less than 400 
acres in 1952. 


Other crops.—Many crops, including cotton, wheat, tobacco, rubber, 
silk, and sisal, have been tried in Hawaii. Some of these, such as 
cotton, are now grown on only a few acres; others, such as silk, 
rubber, and sisal, proved economically unsound and were abandoned. 
Wheat and cotton growers were not able to withstand Mainland 
competition. Tobacco production was tried for many years but 
never became commercially successful (3). 
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LIVESTOCK 


About 82 percent of the agricultural land in Hawaii was used for 
grazing in 1951 (pl. 7, 4). "The total grazing land was about 1,400,000 
acres, and approximately 95 percent of this was used by more than 
400 beef ranchers, who ran close to 150,000 head of cattle. Most of 
the grazing land was used by large-scale ranches. The grazing land 
not used by cattle ranchers served mainly as pasture for dairy cattle 
and for two sheep ranches, which together had about 14,000 head 
of sheep. 


Cattüle.—The first cattle were brought into Hawaii by George 
Vancouver in 1793. The cattle industry has been Gries, 
important since about 1830. 

Bexr.—Production of dressed island beef amounted to 18.6 million 
pounds in 1952, but this was not sufficient to meet demand. Twenty- 
eight percent of the fresh, chilled, or frozen beef and veal and all 
canned, pickled, and cured beef was imported (4). 

Herefords are the most commonly raised beef breed. Compared 
to the systems of raising beef cattle in the temperate zones, ranching 
in Hawaii requires fewer facilities and operations. Haymaking for 
winter feeding, and substantial storage buildings for feed, are not 
required in the Islands. Other costs, such as pasture clearing and 
stock watering, are probably higher in Hawaii than in many Mainland 
sections. 

On the average, one beef animal required about 10 acres of grazing 
land in 1951. The carrying capacity of rangeland increases in pro- 
portion to rainfall until about 60 inches a year is reached. As rainfall 
increases above 60 inches, pasture decreases in value. 

Seasonal or controlled grazing should be practiced in most of the 
drier sections, due to the seasonal distribution of the rainfall, most of 
which falls during the winter months. Recent advances in mechani- 
cal and chemical methods of clearing land overridden with noxious 
shrubs and weeds, as wall as other improvements in range management, 
are expected to bring some expansion in beef production. 

Darryine.—Hawaiian milk production was nearly 38 million 
quarts in 1952 (table 8), as compared to 2 million quarts in 1900. In 
spite of this expansion, consumption of fresh milk in Hawaii is low 
by Mainland standards. Nearly all of Hawaii’s milk output is con- 
sumed as fluid milk. A small portion is used for coffee cream and, 
occasionally, for ice cream. Almost all other dairy products such as 
butter, cheese, canned, and dried milk are imported. 

The 76 dairies operating in Hawaii in 1952 had a total of 10,800 
mature dairy cows. For many years the dairies have steadily de- 
creased in number but increased in size. In 1952, 4 of the dairies 
operating, had more than 800 mature cows each, and another 12 had 
more than 150 cows each. A good portion of the large dairies are 
operated by corporations. Most of the dairies are located on Oahu 
and supply the Honolulu market. Holsteins are the most numerous, 
followed by Guernseys, Jerseys, and Ayreshires. Dairies have become 
more efficient by using improved techniques for disease control, 
weeding out low-producing cows, and using modern dairy equipment. 

On Oahu, the usual practice is to keep dairy cows in feed lots. 
Small acreages are used for growing soiling crops, particularly Napier- 
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grass. Except for molasses and pineapple bran and pulp, almost all 
concentrate feeds have to be brought from the Mainland. Some 
pasturing is done on outlying islands, but little on Oahu. A large 
portion of the replacement cows are imported from the Mainland. 


Swine.—The total number of swine in Hawaii was 8,000 in 1900, 
but by 1940 this rose to 32,000 head 4 months old and older. Large 
amounts of garbage available at low prices from Army and Navy 
kitchens during the war caused a further increase in the swine popula- 
tion to a total of 60,000 head. After the war a scarcity of gar- 
bage and its high price resulted in a decline to 39,000 swine past 
weaning age by 1949. As a result of more grain feeding, the number 
of weaned swine on Island farms exceeded 60,000 head in 1952, and 
annual liveweight production reached 11 million pounds (4). 

The Hawaiian market prefers soft Island-produced pork, but be- 
cause of lower prices almost half of the fresh, chilled, and frozen 
pork was imported in 1952 (4). All pork provisions as well as all 
smoked and canned pork were also imported. 

Swine production is largely in the hands of people of Okinawan 
parentage. Duroc, Hampshire, and Tamworth are the predominant 
breeds. Nearly all the hogs are raised on small farms, the farm fam- 
ily furnishing most of the labor. Most of the hogs are raised in 
concrete or wooden pens; few are pastured. 


Poultry.—In 1952 there were about 380,000 laying hens on 380 
commercial farms. These farms produced nearly 4.8 million dozen 
eggs and about 793,000 meatbirds. The flocks averaged 156 eggs per 
hen in 1952, slightly lower than the Mainland average. In addition 
to the commercial flocks, there were many backyard flocks scattered 
throughout the Islands. Nevertheless, poultry production does not 
meet Hawaiian demand. In 1952, 2.4 million dozen eggs in the shell, 
substantial amounts of frozen, dried, and otherwise preserved eggs, 
and 3.6 million pounds of dressed chickens were imported. The 
per-capita consumption of poultry products in the Islands is only 
about half of that on the Mainland (6). 

Most of the poultry farms in Hawaii are family enterprises. In 
1952 only 22 farms had flocks of more than 3,000 hens; 166 farms had 
flocks of 500 to 3,000 layers; and all the rest had less than 500 hens (4). 

Most of the chickens are raised in wire-floored houses that keep 
them off the ground (pl. 7, B). Production costs are higher than on 
the Mainland, but local poultrymen are making strong efforts to 
reduce them. 

Little poultry feed is produced in Hawaii. Practically all the 
grains and mashes are imported from the Mainland. 


LAND USE BY ISLANDS 


, In this section, land utilization is discussed for the eight major 
islands of the Territory, beginning with Hawaii in the southeast and 
ending with Niihau and Kauai in the northwest. 


Hawaii.— This island, the largest in the Territory, has a land area of 
2,573,000 acres. As shown in table 5, about 43 percent of it was 
agricultural land in 1951; about 28 percent was forest reserve; ap- 
proximately 8 percent was in National parks; and the rest was waste- 
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land or land occupied by cities, towns, roads, and so on. The Kilauea- 
Mauna Loa sections of the Hawaii National Park contain the two 
active volcanoes in the Territory—Mauna Loa and Kilauea—and 
some adjoining extinct craters and lava flows. The Territorial 
forest covered about 716,000 acres. 

Most of the agricultural land is used for grazing. In 1951 only 
109,000 acres, or 4 percent, of the island was cultivated. Aside from 
the sugar plantations, the amount of cropland per farm is small. In 
the Waimea district the average amount of cropland is 20 acres, and 
in the other districts often even less. Most farmers use tractors, 
except those in the Kona district, where the land is too rocky and 
stony. 

Cnors.—Sugarcane was grown on 101,000 acres in 1951, or on 
about 93 percent of the land in crops. The main sugar-growing 
districts are Kohala, the Hamakua coast, Hilo, Puna, and Kau, all on 
the windward side of the island. Former sugar acreages on the 
leeward side of the island in the Kona and Puako districts were 
abandoned before 1910. Only about 6,000 acres of the sugar acreage 
is irrigated; the remaining acreage depends entirely on rainfall. 
There were 13 plantations on the island in 1952; they ranged from 
4,000 to 14,000 acres in size and averaged 8,000 acres (2). 

Pineapples were not produced commercially on the island in 1953 
though test plantings in 1951 showed that they are doing well in the 
Kohala district. 

Coffee is grown on the leeward side of the island in the Kona district 
at altitudes between 800 and 2,200 feet. A belt 2 miles wide and 25 
miles long in this area favors coffee production because of its excellent 
climate, freedom from storms most of the year, and well-drained 
though shallow soils. Coffee occupied 3,500 acres in 1951. 

Macadamia nuts were grown in about 60 orchards covering ap- 
proximately 1,500 acres in 1951 (table 7). Most of the bearing 
acreage is on the Hamakua coast and in the Kona district. Major 
new plantings have been made in the Hilo and Puna districts, 

Commercial fruit orchards covered about 300 acres in 1951. Of 
this total, about 190 acres were in avocados and bananas, mainly in the 
Kona district. Papayas are of commercial importance in the Puna 
and Hilo districts, and some citrus is grown in Puna, Hilo, and Kona. 

Field corn was grown on about 300 acres in the Kohala district, and 
in rotation with pasture grasses on the Parker ranch located on the 
northwestern slopes of Mauna Kea. Some wetland taro is grown on 
the windward side of the island. Farmers grow about 100 acres of 
dryland taro in the moist upland areas of the Kona district. 

Fresh vegetables were planted on about 1,300 acres in 1951, One of 
the major truck-crop areas in Hawaii is the Waimea district (2,700 
feet) where farmers grow primarily lettuce, cabbage, celery, and other 
cool-climate crops. Another high-elevation vegetable area (3,000 to 
4,000 feet) is on the road from Hilo to Kilauea Crater near the boundary 
of Hawaii National Park; this area produces mainly cabbage, lettuce, 
cucumbers, and Italian squash. Smaller vegetable acreages are 
scattered throughout the Kohala, Hamakua, Hilo, Puna, and Kona 
districts. 

Livestock.—In 1951, more than 200 ranches used about one 
million acres of grazing land. Most of this land was held by 20 
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corporations or large individual ranchers that each used 10,000 acres 
or more. The remaining area was used by family-operated ranches, 
many of which were operated on a part-time basis. 

The carrying capacity of pastures was 9 acres per head of cattle in 
northern Hawaii, 11 acres in western Hawaii, and 14 acres in eastern 
Hawaii (14). The low carrying capacity in eastern and western 
Hawaii results because some of the rangeland consists largely of lava 
flows or is located in very dry areas. The Hilo area is the center of 
poultry, swine, and dairy production on the island. 


Maui.—This island lies to the north northwest of Hawaii. It has a 
land area of about 465,000 acres divided as follows: Agricultural, 44 
percent; forest reserve, 35 percent; parkland, 4 percent; and the rest, 
towns, campsites, roads, wasteland, and so on. 

The Territorial forest reserve (160,000 acres) covers the mountains 
in the western part of the island, and in the eastern half includes most 
of the slopes of Haleakala except those on its western side. The 
Haleakala section of the Hawaii National Park covers about 17,000 
acres and includes mainly the vast crater of the dormant volcano, 
Haleakala. 

Crops.—About 54,000 acres were under cultivation in 1951, and of 
this, 72 percent was occupied by sugarcane. Nearly all the cane is 
grown under irrigation. Two sugar plantations operate in the low- 
lands in the center of the island; a third is near Lahaina on the leeward 
side. Sugar production at Hana, on the eastern end of the island, was 
abandoned in 1946. 

Pineapples were grown on nearly 13,000 acres in 1951 by 3 planta- 
tions and about 70 small farmers. One pineapple area is located on 
the northwestern slopes of Haleakala, and the other on the west end of 
the island near Lahaina. All the pineapple canning is done by three 
canneries on the island. 

Fruits and nuts, particularly mangoes, bananas, and macadamia 
nuts, occupied about 500 acres. Wetland taro was grown on about 
100 acres along the coast on the windward side of the island. About 
1,500 acres was in vegetables. Most of this acreage was in the 
fertile Kula area on the western slope of Haleakala at elevations of 
from 2,000 to 3,500 feet. Cabbage, tomatoes, and onions were the 
major crops, but many other vegetables were produced. The vege- 
table farms in the Kula area average 15 acres and are mostly cultivated 
with tractors. Vegetable farms in most other areas on the island are 
smaller, 

Livestock.—Maui had 71 hog farms, 33 poultry farms, and 6 
dairies in 1952 (table 9). Rangeland for beef cattle covered about 
150,000 acres Most of this range was on 6 ranches, none of which had 
less than 12,000 acres. The rest of the pastureland was in small 
ranches, many of which provided only part-time employment. 


Kahoolawe.—The island of Kahoolawe, with a land area of about 
29,000 acres, is owned by the Territory. It is now uninhabited, unused, 
and severely wind eroded. Before World War IT it was used for cattle 
grazing. During the war it served as a range for aerial target practice. 


Lanai.—Until about 30 years ago, the island of Lanai was a wind- 
swept waste supporting about 40 people who tended 400 cattle and a 
few patches of taro. Then a pineapple company bought practically 
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the whole island of 90,200 acres. With an investment of about 6 
million dollars it developed a modern pineapple plantation (2), which 
covered about 15,000 acres in 1951. The fruit is shipped to Honolulu 
for canning. The Territorial forest reserve covers 6,100 acres. 


Molokai.—The island of Molokai, with a land area of 166,400 acres, 
had 21 cattle ranches occupying an area of about 93,000 acres in 1951. 
The Territorial forest reserve covers most of the mountain area on 
east Molokai, or 46,700 acres. 

In 1927 a pineapple company started production on the island. 
Three pineapple plantations were operating in the central and southern 
sections in 1953, All the fruit is sent by barge to Honolulu for canning, 
as there are no canneries on the island. The total area used for pine- 
apples on the island was about 17,000 acres. 

Only about 300 acres on Molokai was in crops other than pineapples 
in 1951. These crops were primarily corn, taro, and mangoes. Lack 
of irrigation water in arable areas is the main reason for this low 
acreage. The few hog and poultry farms on the island produce mainly 
for local consumption. 

The Kalaupapa peninsula on the windward side of Molokai, isolated 
from the rest of the island by a 1,000-foot precipice, is a settlement 
for people with Hansen’s disease. 


Oahu.—Two excellent harbors—Honolulu and Pearl—have made 
Honolulu the largest city in Hawaii and brought the island of Oahu 
most of the Navy installations. The city of Honolulu proper covers 
about 53,000 acres, or 82.2 square miles (f). It is located in the 
southeastern, leeward, part of the island. The total land area of the 
island is only 377,000 acres and all parts of it are within commuting 
distance of Honolulu. Land values on Oahu are consequently based 
partly on the actual or potential value as residential property and 
generally are higher than on the outlying islands. 

Large residential districts have developed on the northeastern side 
of the island. A tunnel through the Koolau Mountain range is being 
built to reduce travel distance from these areas to the city. 

The Armed Forces possess about 54,000 acres scattered all over the 
island (table 5). Major military installations include areas in the 
district of Honolulu proper, the Pearl Harbor Naval base and adjoining 
airfields, Schofield Barracks in the center of the island, a communica- 
tions center in the Lualualei valley on the southwestern side, and two 
airfields—Kaneohe Marine Corps Air Station and Bellows Field— 
on the northeastern side of the island. 

Much of the Waianae and Koolau mountain ranges is held as a 
Territorial forest reserve. 

Crops.—Four sugar plantations had about 35,000 acres in sugarcane 
in 1951. Two of these, with a total of about 21,000 acres, are located 
in the Ewa district on the leeward side. The two others operate on an 
area of 14,000 acres in the Waialua and Koolauloa districts on the 
windward side of the island (5). Except for a small area in the Kualoa 
district, all of the sugarcane acreage is irrigated. Two sugar planta- 
tions discontinued production in 1947. One of these was in the Wai- 
manalo district in the southeastern corner of the island; the other, in 
the Waianae district on the western side. Land in these plantations 
is now used mainly by small farmers or as residential areas. 
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Pineapples were grown on about 22,000 acres in 1951 (table 7). 
This area is on the high plateau between the Waianae and Koolauloa 
mountain ranges in the center of the island. 

Production of fresh fruits and vegetables is encouraged by the 
proximity of the Honolulu market. Fruit and vegetable farmers on 
the island of Oahu produce about 45 percent of the total produced in 
Hawai. In 1951 about 400 acres of wetland taro was grown in the 
lower areas of several valleys on the windward side. About 400 acres 
of papayas and 850 acres of bananas were also grown, mainly on the 
windward side. 


Fresh vegetables were grown on nearly 1,600 acres in areas widely 
scattered throughout the island. Most of the vegetable and fruit 
farms are from 5 to 15 acres in size, and are mostly cultivated with 
tractors. Some farms, particularly near Honolulu are even smaller. 
Of the nonplanatation- crop farms, only one in ten on Oahu is owned 
by the operator; this is a much lower percentage of ownership than on 
the other islands. 

Lrvgsrock.— T wo-thirds of all the poultry and four-fifths of all the 
dairy cows and hogs in Hawaii are kept on the island of Oahu (4). The 
majority of the poultry and hog farms are in the vicinity of Honolulu. 
The dairymen on the island keep their cows mostly in paddocks. On 
the windward side, particularly in the Koolaupoko district, and on 
the leeward side in the Waianae district, some land is used for dairy 
pastures. About 30,000 acres on the island were used for beef and 
dairy pastures in 1951. 


Niihau.—This island, measuring about 46,000 acres, is owned by one 
family that tries to preserve the original way of life of the native 
Hawaiians. Nonresidents are allowed on the island only by special 
permission. Nearly all the island is used for grazing beef cattle and 
sheep and for beekeeping. 


Kauai.—On this island the Territorial forest reserve covers 161,000 
acres in the mountainous interior and amounts to nearly half the total 
island area of 353,000 acres. 

Kausi had the second largest sugar acreage in 1951— about 46,000 
acres, which was divided among eight plantations. The sugarcane is 
grown in the coastal areas, from Kilauea in the north, with few inter- 
ruptions, around the island to Mana in the west. Only about 5,000 
acres of sugarcane on the island is not irrigated. 

Pineapples were produced on about 7,000 acres in several areas, from 
the as of Anahola in the northeast to the vicinity of Lawai in the 
south. 

Kauai is the only island still producing rice. Approximately 170 
acres each of taro and rice were grown in an area extending from 
Hanalei valley in the north to the Waimea and Hanapepe valleys i in the 
southwest. About 250 acres was planted to miscellaneous vegetables, 
and approximately 260 acres was in macadamia nuts. 

Cattle ranches used about 90,000 acres in 1951. Of this the largest 
portion was held by 5 ranchers, each of which had an area of 7,000 
acres or more. The remaining pasture acreage was used by about 40 
cattlemen, the majority of whom were part-time operators, 
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IMPROVEMENTS IN AGRICULTURE 


Many public and private agencies are engaged in the development of 
agriculture in Hawaii. The Hawaii Agricultural Experiment Station 
does extensive research in improving present agricultural industries 
and developing new ones. The sugar and pineapple industries finance 
and operate their own research institutions. The Agricultural 
Extension Service of the University of Hawaii and the Territorial 
Department of Public Instruction provide education and training in 
agriculture. 

Federal and Territorial agencies such as the Territorial Board of 
Agriculture and Forestry and the United States Department of 
Agriculture try to prevent the introduction of new pests and diseases. 
The United States Department of Agriculture gives financial aid to the 
agricultural industries of the Territory. 

Mountainous topography, heavy tropical rainfall, and strong winds 
make soil erosion & serious problem on Hawaiian pastures and crop- 
lands. Pineapple and sugar planters, small-crop farmers, and ranchers 
have given erosion increasing attention during the last 15 years. 
Federal and local agencies, including the Soil Conservation Service 
and the Agricultural Extension Service, are active in soil conservation. 
In 1947, the Territorial Legislature passed an enabling act for the 
creation of soil conservation districts in the Territory. By the middle 
of 1953, 12 districts had been formed on the islands of Hawaii, Oahu, 
Kauai, Maui, and Molokai. Other distriets are being established. 

Efforts are being made to improve public land laws and the leasing 
praetices for both publie and private lands. Particular emphasis is 
placed on lengthening the time of leases and on providing for equitable 
reimbursement to tenants for long-range improvements. 

Several proposals have been made for developing additional irriga- 
tion projects. One project on the island of Molokai was approved by 
the pus of Hawaii in 1941, but during 1942 the Congress of the 
United States failed to pass legislation providing for the project. 
The Waimea Plain Project on the island of Hawaii called for the 
irrigation of 1,500 acres, well suited to temperate-cliraate crops. The 
project was endorsed by the United States Department of Interior, 
but a resolution in the 1949 Territorial Legislature to authorize con- 
struction of the project did not pass. However, the 1951 Territorial 
Legislature appropriated one million dollars for developing a new 
irrigation project at Waimea. 

The recreation resources of the Territory are being increased by 
improving and enlarging the Hawaii National Park and local parks. 

A planning board for dealing with the development of resources in 
the Territory was in existence before World War II but was discon- 
tinued during the war. The 1949 Territorial Legislature created the 
Farm Advisory Board, which is less broad in scope than the prewar 
agency. The board is to study the maximum utilization of the public 
and private lands of the Islands and to make recommendations 
regarding the future development of lands suitable for farming. 
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THE ECONOMIC and cultural institutions of the people of 
Hawaii influence the use and management of the soils. The 
authors of this section describe the people of Hawaii and their 
institutions. 


HAWAII AND ITS PEOPLE 


By PERRY F. PHILIPP and RALPH ELLIOTT, Associate Specialists in Agricultural Economics, 
Agricultural Extension Service, University of Hawaii 


POPULATION 


T THE TIME Capt. James Cook discovered the Hawaiian Islands 
in 1778, the population is estimated to have been about 300,000 
(table 10). The natives had been isolated so long that they had little 
resistance to the diseases brought by the white men. By 1872 only 
about 57,000 people were left in the Islands, of whom approximately 
50,000 were native Hawaiians, and the rest mainly Americans, British, 
and Chinese (6). 

The expanding sugar industry created need for labor, and large 
numbers of workers were brought in between 1870 and 1930, first 
from China and Portugal, then. from Japan, and still later from the 
Philippines. Smaller groups of immigrants came from many other 
countries, including Korea, Puerto Rico, Spain, and Germany. In 
addition there was slow but steady immigration from the continental 
United States that increased greatly just before and during World 
War LI. 

The 1950 total population of the Territory was 499,794 (table 10). 
This population was made up of various racial groups as follows: 
Japanese, 37 percent; Caucasian, 23 percent; part Hawaiian, 14.8 
percent; Filipino, 12 percent; Chinese, 6.5 percent; full-blooded 
Hawaiian, 2.5 percent; and all other races, including Korean, 4.2 
percent. Of all these groups, Part Hawaiians are increasing most 
rapidly. (See table 11.) The land area and density of population 
per square mile are given for the various islands in table 12, and the 
population by islands, in table 13. 


ex 
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Taste 10.— Changes in population of the Hawaiian Islands by counties 


[Figures from sources as follows: 1778, estimates by R. Adams Jn interracial 
marriage in Hawaii (1); 1832 to 1896, Hawaii Board of Education (3); 1900 
to 1950, U. S. Census (8)] 


Y Hawaiian | County of | County of | County of | County of 
od Islands | Honolulu!| Kauai? Maui ? Hawaii 4 


Number Number Number Number Number 
300, 000 


180, 813 J-a- aaa sett 
108,579 | 27,809 9,927 | 31,479 39, 364 
73, 138 19, 126 7,781 21, 781 24, 450 
69,800| 21,275 7, 134 19, 910 21, 481 
62, 959 19, 799 6, 624 16, 728 19, 808 
56, 897 | 20,671 5, 194 15,031 | 16,001 
57,085 | 20,236 5,811 14, 904 17, 034 
80,578 | 28,068 8, 035 18, 584 24, 001 
89,990 | 31,194 11,859 | 20,183 26, 754 
109,020 | 40,205 15,392 | 20,1838 33, 285 
* 154, 001 58,504 | 20,734 | 26,743 46, 843 
* 191,909 | 82,028 | 23,052 | 29) 762 55, 382 
255,912 | 123,527 | 29,438 | 38,052 64, 895 
368,336 | 202,028 | 35,942 | 50,146 73, 825 
423,330 | 258,256 | 35,818 | 55,080 73, 276 
409, 794 | 353,020 | 29,905 | 48,519 68, 350 


! Coextensive with island of Oahu except for 1930 and 1940, when outlying 
islands of Palmyra, Baker, Canton, Enderbury, Howland, Jarvis, Johnston, and 
Midway are included. 

? Includes islands of Kauai and Niihau. 

? Includes islands of Maui, Molokai, Lanai, and Kahoolawe. 

* Coextensive with island of Hawaii. 

5 Various estimates for this year range from 250,000 to 400,000 people. 

9 Totals for 1900 and 1910 include population of Kalawao County, which in 
following reports is included in Maui County figure: 1900, 1,777; 1910, 785. 


TABLE 11.—Population of the Hawaiian Islands by racial antecedents 
Jor stated census years (8) 


Race 1900 1910 1940 1950 


Number Number Number Number 


29,799 | 26,041 14, 375 12, 206 
7,857 | 12,506 | 49,935 73, 885 
G) 4, 890 Q) z 

28,819 | 39,158 | 103,791 114, 793 

25,767 | 21,674 | 28 714 32, 376 

61,111 | 79,075 | 157,905 184, 611 
2 4, 533 2 2 
(2) 2,361 | 52, 569 61, O71 

648 1, 071 15, 981 20, 852 


154,001 | 191,909 | 423,330 | 499, 794 


1 Puerto Ricans included under Caucasians. 
? Ineluded under all others. 
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TABLE 12.—Area and population density of the Hawaiian Islands, by 
islands, for stated years (8) 


Land " 
Island aros 1900 1930 1940 1950 
Number | Number | Number | Number 
per per per per 
Square | square | square | square | square 
miles mile mile mile mile 
589 99.3 | 344.5 | 487.5 599. 4 
4, 021 11.6 18.2 18.2 17.0 
728 34. 9 67.0 64.4 55.1 
551 37.8 65.0 64. 7 53.9 
259 9.7 19. 4 20. 6 20. 4 
141 © 16.7 | 264 22. 2 
72 2.4 1.9 2.5 3. 1 
BO cesset | ae oe eee os eee eee, 
6, 406 24.0 57.5 66. 0 78.0 


! Lanai population density for 1900 not available; population density in 1910 
was 0.9 per square mile. 

2 Figure for 1930 does not include 36 people living on Midway; figures for 1940 
and 1950 do not include people living on outlying islands of Palmyra, Baker, 
Canton, Enderbury, Howland, Jarvis, Johnston, and Midway. 


TABLE 13.—Population of the Hawaiian Islands by islands, for stated 
census years (8) 


Island 1900 1930 1940 1950 
Number Number Number Number 

ahü- jee de eaten edocs 58,504 | 202, 887 257, 664 353, 020 
WEAN oop nn ey ee ad 46, 843 78, 325 73, 276 68, 350 
Maui_....____-_..._......-.-.| 125,416 | 48,756 | 46,919 40, 103 
RU AE. uo E 20, 562 35, 806 35, 636 29, 683 
Molokai_._-__-.-------- 2, 504 5, 032 5, 340 5, 280 
DSTA ects tae ee eS (2) 2, 356 3, 720 3, 136 
INIA cas TAS 172 136 182 222 
Kahoolawe ...... jue ee elon NUR 2 d. acaban ste 

Total all islands 2... ...... 154, 001 368, 300 422, 738 499, 794 


1 Census of 1900 gives only one figure for the combined populations of Maui 
and Lanai. Census for 1910 shows a population of 131 people on Lanai. 

2 Figure for 1930 does not include 36 people living on Midway; figures for 1940 
and 1950 do not include people living on the outlying islands of Palmyra, Baker, 
Canton, Enderbury, Howland, Jarvis, Johnston, and Midway. 


The two largest cities in the Territory are Honolulu (pop. 248,034 
in 1950) on the island of Oahu, and Hilo (pop. 27,198) on the island of 
Hawaii. As shown in table 14, the growth of Honolulu has been 
spectacular. Honolulu owes its expansion to several advantages. It 
is the seat of the Territorial Government and its agencies, and most 
business firms have their main offices there. "The majority of the 
Armed Forces installations, the docks and ship repair-yards, the 
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storage warehouses, and the construction companies are in this city. 
Manufacturing industries, including pineapple and fish canneries, 
are located nearby. The city is also the center of the tourist industry 
and is a major air and water transportation hub. In addition it pos- 
sesses most of the educational and cultural institutions of the Islands. 
People who look for employment, desire an education, scek greater 
opportunities, or are simply attracted by city life tend to congregate 
in Honolulu. 


TABLE 14.—Population growth of the cities of Honolulu and Hilo, 
Hawaiian Islands ! 


Year i Honolulu Hilo 
CN | al 
| 
Number Number 

1890. ........ "| ———————— € REM | 22, 907 2) 
pol — rec ERR | 39, 306 (5 
pn o ——Á—"————— ss cen z 137, 582 19, 468 
noo — EEE E N EE EEN 179, 326 23, 353 
T950- eect EN Ner LH 248, 034 27, 198 

1 Figures for 1890 taken from Hawaii Board of Education Census (3); figures for 


1900 to 1950 from U. S. Census (8). 
? Population less than 5,000 persons. 


EMPLOYMENT 


The 1950 census reports that the civilian labor force makes up 52.7 
percent of the total number of people in the Hawaian Islands 14 
years of age or older (8). Employment of persons 14 years old or 
older is given for 1940 and 1950 as follows: 


In 1950 In 1940 
Number Percent Number Percent 
Civilian labor foree. ------------ 185,155 100.0 161, 282 100. 0 
Employed. |......... nc 167, 588 90.5 158, 796 95.4 
Unemployed________.--___- 17, 527 9.5 7, 436 4.6 
Experienced workers____ 16, 078 &. 7 6, 464 4.0 
New workers__.__ Soe 1, 449 0. 8 972 0.6 


The labor force is broken down by industry groups for 1940 and 1950 
in table 15. As shown therein, the number of people employed on 
sugar plantations has dropped sharply since 1940 because of mech- 
anization of the industry. Increase in the labor force resulting from 
increased population and decrease in sugarfarm employment since 
1940 have been partly offset by increased employment in other 
occupation groups. The part of the labor force unemployed was 4.9 
percent greater in 1950 than in 1940. 

'The industrial and financial structure of the Islands is controlled 
by a highly unified management. In spite of this, Hawaii is strongly 
unionized. In contrast to conditions prevailing in most mainland 
areas, agricultural labor in the two major agricultural industries of 
the Islands—sugar and pineapple—is also unionized. Both the CIO 
and AFL have locals in the Islands. 
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Taste 15.—Industry group of employed workers in Hawai (8) 


Industry group 1950 1940 
Percent Percent 
Number | distri- | Number | distri- 
bution bution 
Total employed. oe en nen cmm 187, 588 |. 188, 7906 Loue e 
Agriculture .- 5 2. 2suseg nee ee ees 30, 418 18.2 | 55, 365 34. 7 
Sugar farms____-__-. 17,146 10.2 | 37, 762 24. 6 
Pineapple farms... 4, 974 2.6 
Coffee farms... 981 . 6 1115, 603 10. 1 
Other agriculture- ----------------- 7, 917 4.7 
Forestry and fisheries. ..--...-.-.---- 1, 371 .8 1, 249 .8 
Mining jensen ood ederet ak 256 12 
Construction_____---- 7.0 | 10, 807 7.0 
Manufacturing. _ __ 12.7 | 15, 454 10.0 
Durable goods 3. 4 2, 509 1.6 
Nondurable goods__.-------------- 15, 544 9.3 | 12, 887 8.4 
d DrOCOSSIDnE. .ueccomcnscnlu 4, 389 2.6 | 3,018 2.0 
ineapple canning- .--~------------ 5, 360 3.2 
Other food indusa Auc x: 2 805 1.7 7, 509 4.9 
Other nondurable goods ..........| 2,990 1.8; 2,360 1.5 
Not specified manufacturing indus- 
|. —A— —————— ees 87 1 BB asuissa 
Transportation, communication, and 
other publie utilities-------------- 13, 179 7.9 8, 397 5.5 
Wholesale and retail trade- --------- 18.9 | 21, 816 14.2 
Wholesale trade._.__._-....-------- 3.3 2, 602 17 
Retail trade... 01-2222 ssn usus 15.6 | 19, 214 12.5 
Finance, insuranee and real estate 2.4 | 2,112 1.4 
Business and repair services... 2.8 2, 806 1.9 
Personal services (including domestic)..| 10, 883 6.5 | 15, 365 10.0 
Entertainment and recreationalservices., 2,712 1.6 | 1,605 1.:0 
Professional and related services_____._ 16, 722 10.0 | 11, 402 7.4 
Medical and other health services....| 6, 517 3.9 3, 396 2.2 
Educational services---------------- 7, 390 4.4| 6,058 8.9 
Other professional and related serv- 
iu MM E ET EN 2, 815 1.7 1, 948 1.3 
Public administration- ~ -------------- 18, 438 11.0 7, 661 5.0 
Pogtal x enn ook ees 742 4 341 2 
Federal publie administration- ------ 12, 209 7.3 4, 714 3.1 
Territorial and loeal publie adminis- 
tration: «Ae coke ese eee 5, 487 3.3 | 2, 606 1.7 
Industry not reported... 2 2 cc. 1, 019 .6 1,411 .9 


TRADE AND INDUSTRY 


Hawaii has a highly developed trading economy heavily dependent 
upon the Mainland. The Islands possess no mineral resources that 
are used commercially at present, except for some sand, stone, and 
lime. Forest reserves are maintained primarily to prevent rapid 
runoff and soil loss following rain and are not an important source of 
forest products. 

The people of the Islands import most construction materials, as 
well as equipment, fuel, and supplies to keep their industries going. 
They also import nearly all consumer goods such as clothing, shoes, 
ears, and household equipment. "Though the Hawaiian economy is 
based on agriculture, nearly two-thirds of the food consumed and 
much of the livestock feed are imported. 
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Exports of merchandise, primarily agricultural products and fish, 
pay for part of these imports, Manufacturing industries in the 
Islands are relatively unimportant, producing mainly for local con- 
sumption or processing waste products of sugar mills and pineapple 
canneries, One export product is the ogee fiberboard, called 
Canec, made of a byproduct of sugarcane milling. Some "Island- 
style clothing and Hawaiian handicraft products, such as lauhala 
weavings and woodenware, are also being exported. 

In addition to these visible exports, there are invisible exports 
such as services rendered and goods sold to the Federal government, 
to tourists, and to shipping and airlines. A record number of 60,500 
visitors stayed 2 days or longer in Hawaii during 1952. The 
combined payroll of the Armed Forces, including both servicemen and 
civilians, was approximately 128 million dollars in 1950. This com- 
pares to 33 million in 1940, and 377 million in 1945. The prepared- 
ness program brought about a payroll expansion to 195 million in 1952. 

By comparing the value of exports and imports, both visible and 
invisible, it is possible to obtain the balance of payments. Up to 
1940 Hawaii’s annual balance of payments was, with few exceptions, 
favorable. In other words, the people of Hawaii received more 
money from exports than they spent on imports. Throughout 
World War I, the balance of payments continued strongly in favor 
of the Islands despite an excess of imports over exports of goods. 
This was the result of local purchases of materials and services by 
the Armed Forces, the USO, the Red Cross and similar agencies, and 
individual servicemen and war workers. With the end of the war, 
Federal expenditures were sharply reduced and the number of service- 
men and civilians employed by the Government declined greatly. 
At the same time, merchandise imports continued to exceed in value 
exports of Hawaiian goods. As a result, Hawaii's postwar balance 
of payments was unfavorable until 1952. In that year the balance 
of payments was 39 million dollars in favor of the Islands, mainly 
because of an increase in Federal expenditures and a decrease in 
imports (table 16). However, when world tension subsides a reduc- 
tion in the expenditures of the Armed Forces in Hawaii can again be 
expected. To maintain its present population and standard of living, 
Hawaii must find ways of increasing its exports of goods and services 
or of substituting local production for imports. 


TRANSPORTATION 


Ocean transportation to the Mainland is vital to the economy of 
the Islands. A large fleet of ships regularly plies back and forth be- 
tween island harbors and ports in California, the Pacific Northwest, 
the Gulf of Mexico, and the east coast of the United States. Speedy 
passenger liners cover the distance from Honolulu to the West Coast 
in 4% days. Fast freighters make the trip from the Islands to Cali- 
fornia and the Pacific Northwest ports in 5% days, and to North 
Atlantic ports in about 18 days. 

In addition, Honolulu is a regular port of call for some ships travel- 
ing from the Mainland to Japan, China, and other parts of the Orient. 
Some steamers sailing from North America to New Zealand and Aus- 
tralia also stop at Honolulu, Incoming overseas freight of island 
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TABLE 16.—1952 Balance of payments, Hawaiian Islands (2) 


Exports and other income received 


from overseas 


Imports and other expenditures 


made overseas 


Million Million 
Items dollars Items dollars 
Hawaiian products: Goods purchased: 
Sugar and molasses....... 134 Mainland---------------- 329 
Pineapple products_______- 92 Foreign countries_________ 20 
Coffee, floral products, ———— 
canned fish, sportswear, Total.-.il2l2c22z. 349 
and metal scrap... ....- 11 
Hides, petroleum products, 
papayas, and other prod- 
Moliar 3 
Total esse neuka 240 
Expenditures of the Federal Payments to the Federal 
Government: Government- -----~------ 154 
Armed Forces. |... LL... 254 
Civilian agencies... ........ 17 
Other (grants, transfer Services from Mainland or 
payments, tax refunds). 35 foreign businesses: 
Total.:..-22si2z-224 306 Ocean and air freight. |... 30 
Mainland firms and individ- 
uals: 
Tourists and transients, in- Travel expenses of Hawai- 
cluding crews of com- jan residents overseas... 24 
mercial carriers_.......-- 85 
Shipping and air lines Other services (net eost of 
national advertisers and insurance, entertain- 
other mainland business. 27 ment, advertising, and 
miscellaneous expenses). 24 
Total. 62 (lokal... see 78 
Dividends, interest, and | Dividends, interest, and 
profits from overseas in- i profits paid to overseas 
vestments---------------- 22 | investors. --------------- 16 
Remittances from workers in Personal remittances sent 
forward areas and other overseas and money taken 
personal gifts------------- 15 | out by outmigrants....... 9 
Total for all export and other Total imports and other ex- 
income received from over- penditures made overseas_ 606 
BOGS soo ees cease closed 645 
Balance of payment favorable to Hawaii_-._._........-.---.-----_- 39 


ports, excluding petroleum products shipped by tankers, was approxi- 
mately the same as outgoing m in 1951, each amounting to about 


two million tons. 


'This made ful 


loads possible on both the incoming 


and outgoing trips, which is a basic requirement for low tariff rates. 


804428—8585— —6 
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Scheduled barges now transport most of the interisland freight. 
Before World War IT, when four steamers served the interisland trade, 
passenger service provided a sizeable portion of steamship revenue. 
Nearly all travel between the islands is now by air. In 1952 the only 
remaining ship that carried freight regularly between Honolulu and 
the island of Hawaii discontinued operation (4). 

Honolulu airport is a stopover for transpacific flights from North 
America to New Zealand, Australia, and the Orient. The departure 
of a plane from this airport to Manila, Tokyo, or Sidney is as routine 
as a flight to the neighboring island of Kauai. Three regularly sched- 
uled United States and three foreign airlines, as well as nonscheduled 
air carriers, offer transportation from Honolulu to several airports on 
the West Coast of the Mainland and Canada. 

As mentioned before, nearly all travel between the islands of the 
Territory is done by air. Sixteen airports were in operation in 1953. 
Interisland air freight, particularly in vegetables and fruit, is far more 
important than on the Mainland. "Two scheduled airlines and two 
charter air services carry passengers and freight between the islands. 


GOVERNMENT 


Under the Organic Act, which established Territorial government, 
the governor and secretary as well as the Territorial supreme and cir- 
cuit court judges are appointed by the President of the United States 
with the consent of the United States Senate. "The governor appoints 
the heads of the various executive departments and the members of 
policy-making boards and commissions, such as the Commissioners of 
Labor and Industrial Relations and the Commissioners of Agriculture 
and Forestry. These appointments are subject to the approval of the 
Territorial Senate. 

Hawaii is represented in the United States Congress by one elected 
delegate who has no vote. The Territorial Legislature consists of a 
Senate, the members of which are elected by popular vote for a 4-year 
term, and of a House of Representatives, elected every 2 years. The 
Territorial Legislature meets biannually for a period of 60 legislative 
days. Counties are governed by an elected Board of Supervisors. 
The City and County of Honolulu, which is classed as the only organ- 
ized municipal government, also has an elected mayor. 


SCHOOLS, HOSPITALS, AND OTHER PUBLIC FACILITIES 


Educational opportunities in Hawaii compare well with those on 
the Mainland. Interracial cooperation 1s continuously enhanced by 
the schools, in which children of all races learn to work and play 
together (pl. 8). 

The publie schools are operated as one educational unit administered 
by the Territorial Department of Public Instruction. There is one 
standard for all publie schools, both rural and urban, and all receive 
the same benefits. About half of all the teachers have 5 years of 
training above the high school level. The majority of the private 
schools are in the urban areas. Many of them enroll students who do 
not fall within the compulsory attendance years. Parochial schools, 
kindergartens, and trade and commercial schools make up a large 
section of the total private school enrollment. About 101,000 students 
were enrolled in public and 26,000 in private schools in 1953. 
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The University of Hawaii has an enrollment of about 4,500 students, 
and many well-known educators and research men are on its faculty. 
Public libraries exist in the major city of each island, and branches are 
located throughout the rural districts. 

Seven daily newspapers and ten weeklies or semiweeklies were 
published in Hawaii in 1953. Twelve radio stations were in operation, 
all but four of which started since World War II. Eight of these 
stations were located on Oahu. In addition two television stations 
operated on Oahu. 

Medical services have attained a high level of efficiency, and pre- 
ventable communicable diseases have been largely eliminated. The 
ratio of number of hospitals, physicians, and dentists to the total 
population is roughly equivalent to Mainland standards. The 
mortality rate compares well with that of the United States as a whole. 
In 1952, the rate for the Hawaiian Islands was 6.1 deaths per 1,000 
civilian population, whereas the rate for the United States as a whole 
was about 9.6 per thousand. 

Electric power lines have been extended to most towns and villages, 
and gas is being piped to domestic and commercial consumers in the 
cities of Honolulu and Hilo. The use of household appliances such 
as electric irons, washing machines, refrigerators, and electric or gas 
stoves follows the Mainland pattern. Nearly 123,000 phones were in 
operation, and there was nearly one automobile for every three persons 
in the islands in 1958. Public services such as social welfare, fire and 
police protection, public recreational facilities, and water supply 
systems, are of the same character as in any comparable Mainland 
State, and so are the stores and theaters. 


LIVING COSTS AND RACIAL RELATIONS 


People in Hawaii have to pay higher prices for most products than 
Mainland consumers because so large a portion of consumer goods, 
equipment and supplies is imported. This disadvantage is to some 
extent offset by a mild climate that reduces expenditures for fuel, 
heavy clothing, and similar items, and by easier access to beaches, 
mountains, and other recreational areas. Everything considered, the 
cost of living in Hawaii is slightly higher than on the Mainland. 

The general trend toward a decrease in interracial barriers is shown 
by the fact that 31 percent of all marriages in Hawaii were interracial 
in 1951 (7). There is not much segregation of races into well-defined 
residential areas. In most residential districts a family is likely to 
find a racial variety of neighbors. The mixture of racial influences 
has had a unique effect on diets. Each race has borrowed menus from 
the others to the point that about 70 percent of all families use a mixed 
cuisine according to a recent survey (5). 

The word “Hawaiian” is now used in two senses, one to mean of 
Hawaiian blood, and the other to mean a person who has accepted the 
Hawaiian heritage regardless of his racial background. Although 
Hawaiians now constitute a relatively small percentage of the total 
population, many of their hospitable customs and friendly manners 
have been widely adopted by the other races. The use of the “lei” as 
an "aloha" gift is only one example. "Their dances and songs are 
enjoyed equally by all races. In general it may be said that racial 
consciousness is diminishing and race barriers are crumbling in Hawaii. 


64. 


SOIL SURVEY OF TERRITORY OF HAWAII 


LITERATURE CITED 


(1) Apams, Romanzo 
1937. INTERRACIAL MARRIAGE IN HAWAII. Ed. 1, 353 pp., illus. New 
York. 
(2) Bank or Hawa 
1953. WORKING DOLLARS IN HAWAII. 31 pp. Honolulu. 
(3) Hawai (Kinepom) 
1832, 1536, 1853, 1860, 1866, 1872, 1878, 1884, 1800, 1896. CENSUS OF THE HAWAILAN 
ISLANDS. Board of Education. Honolulu. 
(4) PuruPrp, Perry F. 
1983. DIVERSIFIED AGRICULTURE OF HAWAII. 226 pp., illus. Honolulu. 
(5) Resp, RoBxnT H., and CREEK, C. RICHARD 
1953. FAMILY CONSUMPTION OF CERTAIN FRESH VEGETABLES IN HONOLULU. 
22 pp., illus, Honolulu. 
(6) TERRITORY or HAWAI 
1939. A HISTORIC INVENTORY OF THE PHYSICAL, SOCIAL AND ECONOMIC 
AND INDUSTRIAL RESOURCES OF THE TERRITORY OF HAWAII. Ist 
D Progress Rpt. Territorial Planning Board. Honolulu. 
1951. ANNUAL REPORT OF THE BOARD OF HEALTH, TERRITORY OF HAWAII, 
FOR CALENDAR YEAR 1951. 92 pp., illus. Honolulu. 
(8) UNITED STATES BURBAU OF THE CENSUS 


12TH, 13TH, 14TH, ISTH, 16TH, AND 17TH DECENNIAL CENSUS REPORTS, Wash- 
ington, (D. C.) 


Part II 
Soils and Their Environment 


THE ULTIMATE GOAL ofsoilresearchis prediction of the behavior of 
soils for the use of man. Study of soil and its behavior in many places 
is not enough. The knowledge so gained has low prediction value 
until similarities and differences among soils are cataloged for easy 
recognition. Even this is not enough, for a classification that shows 
empirical relations without reasons for the relations is a lifeless 
thing, laborious in detail and grossly lacking in the bonds of cause 
and effect so important for comprehension of the whole. This part 
of the soil survey report of Hawaii deals with the classification of 
soils and the factors responsible for the characteristics by which 
they are classified. 

The authors first present the classification system for the major 
kinds of soil in Hawaii and discuss the cause-and-effect relationships 
of factors of the environment associated with each. Next they discuss 
the correlations between climate and soil, and then between vegeta- 
tion and soil, to show how these driving forces of soil formation may 
have caused differences among soils. Finally they present some of 
the outstanding physical and chemical properties of important soils 
of Hawaii as measures of the effects of soil formation that are reflected 
in the classification system. 
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ON WHAT BASIS are the soils of Hawaii classified? In what 
respect and to what extent do the classes formed differ? How 
are they similar? What is the cause of these similarities and 
differences? Such questions are considered in this section. 


RELATIONSHIPS AMONG SOILS OF HAWAII 


By MARLIN G. CLINE! 


I^ THIS SECTION similar soils of Hawaii are grouped to show 

how they are related one to another (see table 17 in jacket). Asan 
aid to understanding these relationships, the meaning of several soil 
survey terms is given. 

The unit of mapping is either & soil type or a soil phase. These 
mapping units are grouped to form soil series. Each soil series is 
given the name of the locality where it was first described. The 
Molokai soil series, for example, was first described on the island of 
Molokai. A soil type is named by adding the names of the texture 
of the surface soil to the name of the series to which that type belongs; 
for example, Molokai silty clay. A soil phase is named by adding to 
the name of the soil type the name of a characteristic that is not a 
part of the soil profile but is important in land use. For exemple, 
slope is important in determining the use of the soil type Molokai 
silty clay. In mapping, therefore, areas of Molokai silty clay that 
have different slopes were separated. As a result, we have Molokai 
silty clay, nearly level phase, and Molokai silty clay, sloping phase. 
Each of these slope terms—'mearly level" and “sloping’—means a 
definite percentage and kind of slope. The slope terms used in this 
report are defined in table 18. 


Taste 18.—Nomenclature for slope phases used in the soil survey of 


Hawaii 
Slope gradient limit 
in percent 
Phase name Hu E Kind of slope 

Lower Upper 
Nearly level. n-a- -2-2 | 0 1% 3 | Simple. 
Gently sloping----------------- | 1%- 3 5- 8 Do. 
Sloping- ---------------------- 5- 8 10-16 | Do. 
OU EET | 5- 8 10-16 | Complex. 
Knobby___._-..2222.---.--~---!| 1%- 3 8-12 | Very complex. 
Moderately steep__..-.--------- 10-16 20-30 | Simple. 

Hye d TRE 10-16 20-30 | Complex. 

Stace E efecto Ie le te ain 20-30 45-65 | Simple or complex. 


1 Marlin G. Cline is an ee. of the Soil Conservation Service, United States 
Department of Agriculture, and professor of soil science at Carnell University, 
Ithaca, N. Y. This is one of several sections that Dr. Cline contributed as 
principal author of this Survey. 
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Each mapping unit has three dimensions; it is not a point or a plane 
surface. The unit has a range of characteristics, but that range is 
restricted to the limits imposed by the scale of mapping and by tech- 
niques for measuring soil characteristics. The range in character- 
istics is limited to such extent as to provide mapping units homogene- 
ous enough that one can work with them in practical soil problems. 
These ranges are defined as precisely as possible in descriptions of the 
units. In detailed mapping, the mapping unit is defined not only in 
terms of kind and arrangement of horizons but also in terms of slope, 
erosion, stoniness, and depth. 


CLASSIFICATION SYSTEM 


Classes of soils are built up by grouping the mapping units into 
successively higher and higher categories on the basis of similarity. 
A smaller number of less precise statements can be made for each 
successively higher category because the groups become more and 
more heterogeneous as they become fewerin number. In consequence, 
the higher categories ordinarily cannot be used in dealing with prob- 
lems that concern use and management of soils in specific areas. 
The higher categories are used mainly to show the ways in which the 
more precisely defined units in the lower categories are related one to 
another, 

Although the soil classification for Hawaii was built up by grouping 
mapping “units into successively higher and higher categories, the 
relations among soils are more easily understood by starting at the 
highest category and working downward. 

Order.—The highest category is the soil order. All the land areas 
of Hawati can be grouped into three orders—zonal, intrazonal, and 
azonal soils—on the basis of factors of soil genesis that have influenced 
the soil profile most. 

Tf soils have characteristics that are repeated over and over again in 
a given climatic and vegetation zone, they are members of the zonal 
order. In other words, it is believed that zonal soils are those for 
which the active factors of soil genesis—climate and vegetation—have 
predominated. 

If some local factor of the environment has caused formation of a 
kind and sequence of horizons not characteristic of the vegetative and 
climatic zones, the soil is a member of the intrazonal order. Among 
such local factors of environment are low relief and consequent slow 
drainage, or seepage water carrying soluble salts, or an unusual compo- 
sition of parent material. Intrazonal soils have well-expressed genetic 
profiles that reflect the dominance of these local factors over climate 
and vegetation. 

If genetie horizons have failed to develop because the parent 
material has been recently deposited or because erosion is keeping 
pace with soil development, the soil is a member of the azonal order. 
Azonal soils have a very weak, or no genetic sequence of horizons. 
They are “O” or “A-C” soils in which the influence of parent material 
and youth are dominant. 

Statements about any of the three orders are limited to those re- 
garding the dominant factors of soil genesis. Statements about 
factors of genesis will be found for zonal, intrazonal, and azonal soils 
on pages 70, 82, and 87, respectively. 
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Suborder.—Each order is subdivided into suborders on the basis of 
soil properties that reflect the dominating process of soil formation. 
The suborder Latosol,? for example, consists of a group of soils 
having characteristics that indicate the dominance of the laterization 
process. They are soils that have been depleted of silica and bases, 
sous without strong textural profiles, and soils with low silica-sesqui- 
oxide ratios. They are the dominant zonal soils of the humid or 
subhumid tropics. 

Contrasting with the Latosol suborder is the suborder of ‘“Dark- 
colored Soils of the Semiarid and Subhumid Grassland".* Soils in 
this suborder are not so depleted of bases and silica as the Latosols; 
their striking characteristics are the accumulation of a dark-colored 
highly organic surface horizon. Unlike the Latosols, they are high 
in bases. They reflect the dominance of the calcification process. 
Similarly, other suborders reflect the dominance of some other major 
soil-forming process. 

The various suborders of Hawaii are described on pages 70 to 88. 
Each suborder is placed in its appropriate order—zonal, intrazonal 
or azonal. The Latosol suborder, for example, is described under 
the heading zonal soils. 


Great soil group.—Each suborder is subdivided into great soil groups. 
The basis of subdivision is difference in kind and arrangement of 
genetic horizons in the soil profile. All soils of a given great soil 
group must have the same kinds of horizons, similarly arranged in the 
profile. The degree to which those horizons are expressed, as well as 
some of the subordinate properties of those horizons, may vary within 
a great soil group. 

Great soil groups have not been officially accepted for many of the 
soils of the tropics; the groups cannot be defined specifically until 
much more work has been done in the tropics. For this reason, 
many of the great soil groups mentioned in this report are tentative. 
They may represent subdivisions of great soil groups that will finally 
be recognized or, in some instances, they may be combinations of 
great soil groups that eventually will be established. 


Soil family.—In this report, for the first time, use has been made 
of the category of soil family. The category of soil family bas not 
been precisely defined. An attempt is made here to use the family 
category as & means of understanding the relationship between soil 
series at a level lower than the category of great soil groups. 

In this report, each great soil group is subdivided into families. 
'The division is made mainly on the basis of degree of expression of 
genetic horizons modal for the group. In most cases, the soil families 
represent either; (a) a modal profile, or central concept, for the great 
soil group, or (b) profiles representing intergrades to other great soil 
groups—the variations from the central concept of the great soil 
group. 

In the family category no limitations are imposed as to the parent 
material of the soils, nor as to minor differences in the solum that are 


2 A term coined for this report from the word "lateritic" and the ending “sol? 
to avoid the confusion associated with the terms “Laterite’ and ‘‘Lateritic,” 
which were formerly applied to these soils. 

3 Tentative suborders are indicated by quotation marks. 
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associated with differences of parent material. Thus, at the level of 
the soil family, one can state: (1) The dominant factors in sail 
formation from the definition of the order; (2) the dominant process 
of soil formation from the definition of the suborder; (3) the kind and 
arrangement of major horizons from the definition of the great soil 
groups; and (4) the degree of expression of those horizons and the 
occurrence of subhorizons indicative of intergrades to other great soil 
groups. For the family, one cannot specify parent material, texture, 
stoniness, slope, erosion, soil depth, or similar characteristics, because 
those properties are used to differentiate among classes at lower levels. 

Each family is given a name taken from the name of the soil series 
that is most characteristic of the central concept of the family. 
Consequently, the same name may stand for a soil series or for the soil 
family of which that series is a member. In these cases, the term 
“family” or “series” is attached to the name to avoid confusion 
between the two. 


Series, type, and phase.—Each family is subdivided into soil series 
on the basis of differences in parent material and associated minor 
differences in the profile. Series, in turn, are subdivided into types 
on the basis of texture of the surface soil, and finally the types are 
subdivided into phases on the basis of depth, slope, degree of erosion, 
and similar characteristics that are not strictly properties of the soil 
solum but are important in problems of land use and management. 
The phase or type is the mapping unit of the soil survey in most 
cases. 

ZONAL SOILS 


Zonal soils are soils on which the effects of the active factors of 
soll genesis—climate and vegetation—are most strongly expressed. 
They are well-drained soils and occur on the neariy level to moderately 
steep land where surface drainage and internal drainage are adequate 
to permit fullest expression of the effects of climate and vegetation. 
Their properties range within extreme limits because there is a very 
great range in their environment. 

Within the zonal order there are three principal foci in Hawaii 
around which the soils can be grouped according to the soil-forming 
process that has been dominant. The first group, or suborder, is 
called Latosol. This group is made up of soils in which the process of 
laterization has been dominant. The second group consists of soils 
in which the dominating process has been conditioned mainly by a 
deficiency of precipitation; these are the “Light-colored Soils of Arid 
Regions." The third group, commonly referred to as '*Dark-colored 
Soils of the Semiarid and Subhumid Grasslands," consists of soils for 
which the dominating process has been calcification associated. with 
moderate rainfall and influenced by grassland vegetation. 

These three suborders, and the great soil groups under them, are 
discussed in the following pages. 


LATOSOLS 


The lateritic soils in this suborder are characterized by an A; 
horizon ranging from very weak to very strong over a B horizon in 
which sesquioxides have been concentrated by removal of bases and 
combined silica. Such materials have been lost from the entire 
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solum. "There is no horizon in which any constituent has accumu- 
lated in the sense of its having been translocated from one horizon 
to another. Some constituents are concentrated, but this results 
from removal of other things, not from movement of the one in 
question. The Latosols are, for the most part, derived from highly 
weathered materials that consist mainly of secondary minerals. In 
most of them the minerals of megascopic size remaining are those that 
are most resistant to weathering, or those that tend to form minerals 
such as magnetite and anatase. 

The soils are red or reddish brown for the most part, and pre- 
dominantly they are clay by the standards of mechanical analysis. 
They feel like silty clay loams or silty clays, however, and those terms 
were used as textural designations in the field for the soil types in the 
Latosol suborder and are used in the same sense in this report. 

The Latosols occur under rainfall ranging from the extremes of 10 
to 400 inches a year, and at elevations ranging from sea level to 6,000 
feet. They therefore occur under a great variety of vegetation. As 
shown in table 17, the Latosol suborder is divided into great soil 
groups, which are more homogeneous as to profile and environment. 


Low Humic Latosols.—In this "great soil group" are lateritic soils 
occurring in dry to moderately humid areas where the accumulation of 
organic matter is small compared to that accumulated in more humid 
and more heavily vegetated areas. 

The Low Humic Latosols have a very weak to moderately strong 
A, horizon over a red or reddish-brown eluvial B horizon that grades 
to parent material. Iron and aluminum have been concentrated 
throughout the solum, mainly because silica and bases have been lost 
through weathering of the primary minerals. Weathering has re- 
duced the soil materials mainly to clay. By mechanical analysis, 80 
pereent of the materials for some of the soils may measure less than 
2 microns, yet physical properties in the field are those of silty clay 
or silty clay loam. The clays are apparently mainly koalinitic. The 
cation-exchange capacity of the mineral fraction is moderate. The 
cation exchange capacity of the whole soil is slightly higher in the 
soils not brought under cultivation because of accumulation of or- 
ganic matter, generally between 15 and 30 milliequivalents per 100 
grams. The organic-matter content in the uppermost horizon is 
commonly more than 2% or 3 percent, though this is not apparent 
when the soils are observed in the field. 

Near the upper limit of rainfall for the Low Humic Latosols, the 
A; horizons are distinct but not so fully expressed as in the Humic 
Latosol group, which receives higher rainfall. 

Another outstanding charactersitie of the Low Humic Latosols is 
concentration of manganese dioxide in the upper part of the profile. 
When hydrogen peroxide is applied, effervescence is commonly violent 
in the topmost layers but decreases with depth. In the lower part of 
the B horizon the manganese dioxide is concentrated as small X- to 
\-inch concretions, or as dark-colored streaks or coatings on the faces 
of the aggregates. Within this part of the B layer showing manganese 
concentration, effervescence is commonly confined to the concretions; 
the soil mass itself does not effervesce. 

The base status is relatively high in these soils as compared to that 
for other Latosols. The pH of the virgin soils is generally near 6.0, 
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but some of the members in less arid regions may have a pH as low 
as 5.0. In cultivated areas the pH is commonly near 5.0 or 5.5 
because of fertilization with ammonium sulfate for a long period. 
The percentage base saturation in uncultivated areas is generally 
between 50 and 100, and the ratio of exchangeable calcium to mag- 
nesium is near 2.0 but may be lower in the families that are intergrades 
to the “Dark Magnesium Clays” (Waialua and Waimanalo) families 
of the intrazonal order. 

Low Humic Latosols occur on all of the islands of the Hawaiian 
group that were surveyed (pl. 9). The annual precipitation ranges 
from 10 to 80 inches. In all areas there is a pronounced dry season 
lasting from as much as 6 or 8 months to as little as 3 months. The 
soils occur at low elevations where temperatures are highest, or from 
sea level to 2,100 feet. They are mainly in vegetation zones A and 
B as outlined in the section on Soils and Vegetation. Locally they 
extend slightly into zone Ci, but these areas are transitional to soils 
of the Humie Latosol group. 

In the drier areas of vegetation zone A, lowland shrubs—principally 
klu and ilima--are dominant. Perennial grasses are conspicuously 
absent, though a number of annual species, such as bristly foxtail, 
spring up in abundance after rains. Swollen fingergrass and feather 
fingergrass are present, and piligrass occurs as an annual. The 
ground cover is sparse. 

At higher elevations and near the higher rainfall limit for soils of 
this group, the shrubs and grasses common to the lower lying areas 
form a denser cover, and in addition lantana and cactus are common. 
Near the upper limits for these soils, Bermudagrass and Natal redtop 
are common. For the most part, the species are exotic. The native 
vegetation has not been determined. 

In table 17, the Low Humie Latosols are subdivided into soil 
families. For the most part, these families of soils separate the modal 
profile (Molokai family) from intergrades to families of the Humic 
Latosol group. The families mainly reflect differences resulting from 
variation in climate and vegetation within the area occupied by Low 
Humic Latosols. Nevertheless, two families—the Waialua and 
Waimanalo—have been separated because their clays are more 
plastic and sticky than normal for the group. The soils of these two 
families are intergrades to intrazonal “Dark Magnesium Clays”. 
This difference in clays may result either from younger age or, more 
probably, from seepage waters carrying magnesium. 

The Molokai family occurs in the driest Low Humic Latosol region 
under the most sparse vegetation and has the weakest A, horizon. 
Under slightly higher rainfall, where the vegetation is slightly more 
dense and exists for longer periods, the A; horizon is moderately 
developed but is erumb-structured as it is in the Molokai family. 
Soils with this more developed crumb-structured A; horizon have been 
grouped in the Lahaina family. 

Locally, some soils have been included with the Low Humic Latosol 
group that have a weakly granular A; horizon, which is a condition 
more characteristic of the Humic Latosol group. These soils have 
been placed in three families, and in each of these the granular condi- 
tion of the A; horizon is moderately expressed. The three families— 


RELATIONSHIPS AMONG SOILS OF HAWAIL 73 


Wahiawa, Kahana, and Kohola—all occur in those parts of the Low 
Humic Latosol area where rainfall is highest. 

The three families are differentiated mainly on the basis of degree 
of effervescence when hydrogen peroxide is applied. The Wahiawa 
family consists of soils that show violent effervescence with hydrogen 
peroxide throughout the A and most of the B horizons. In contrast, 
soils of the Kahana family may effervesce violently in the upper 
horizons but weakly or not at all in the lower part of the B horizon. 
The third family, the Kohala, resembles the Kahana in most respects, 
but effervescence is weak or only moderate in the A; horizon and very 
weak or absent in the B horizon. 

As before mentioned, two families in the Low Humic Latosol 
roup—the Waialua and Waimanalo—have moderately plastic clay. 
he Waialua family occurs in the drier regions and has a crumb- 

structured moderately developed A; horizon. The Waimanalo 
family occurs in the wetter regions and has a moderately strongly 
developed and decidedly granular A; horizon. The Waialua family 
may be considered comparable to the Molokai family of the non- 
plastic group, but, the Waimanalo is more nearly comparable to the 
Kahana family of the nonplastic group. These two families appear to 
be intergrades to “Dark Magnesium Clays.” 

The families of the Low Humic Latosols group, and their component 
series, types, and phases, are described in more detail in Part IV of 
this report. 


Humic Latosols.—This great soil group is differentiated from the 
group of Low Humic Latosols on the basis of the degree of expression 
of the A, horizon and other characteristics associated with high rain- 
fall. The soils have strongly developed granular A, horizons and red, 
brown, or reddish-brown friable B horizons that grade to parent 
material. 

As for the Low Humic Latosols, iron and titanium are concentrated, 
but aluminum, silicon, and bases have been lost to a greater degree. 
Only the resistant minerals remain. The soils are dominantly clayey 
throughout, and the clays are apparently kaolinitic or oxides. The 
depletion of bases is much greater than for the Low Humic Latosols; 
pH values are generally below 5.5 and are commonly as low as 4.5. 
The cation-exchange capacity is normally near 30 or 40 milliequivalents 
per 100 grams, but a large part of this capacity is due to content of 
organic matter. Silica has been depleted more than in the Low 
Humic Latosols. This is evidenced by silica-sesquioxide ratios that 
are mainly less than 1, whereas the ratios are predominantly moro 
than 1 for the Low Humic Latosols. Humic Latosols do not effer- 
vesce with hydrogen peroxide in any horizon, and normally there is no 
indication that manganese dioxide has accumulated within the soils. 

These soils are without textural differentiation of horizons; the 
entire solum apparently has lost bases, silica, and some aluminum. 
The supply of organic matter is normally large in the upper part of the 
solum, and the soils contain organic matter to great depths, though 
this is not apparent by visual inspection of the profiles. Organic 
values in the upper 6 or 8 inches may be as high as 8 or 10 percent, and 
at depths of 3 feet values may be more than 2 percent. 
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The clays do not have the extreme tendency to dry irreversibly that 
they have in soils developed under higher precipitation, and this is the 
basis for differentiating the Humic Latosols from the Hydrol Humic 
Latosols. 

The Humic Latosols occur on all the islands that were surveyed. 
The average annual precipitation ranges from 40 to 150 inches, 
and the soils are at altitudes extending from sea level to 3,000 feet. 
These soils have developed under moderately high rainfall without 
long and pronounced dry seasons. Under these conditions, organic 
matter has accumulated to a much greater extent than it has in the 
Low Humic Latosols. 

Humic Latosols occur in vegetation zones D,, D>, and C i, which 
are described in the section on Soils and Vegetation. Near the drier 
limit of the Humic Latosol group, the vegetation now consists mainly 
of open stands of shrubs and of grasses that provide excellent ground 
cover. Guava is the dominant shrub, but lantana is widely distributed. 
Bermudagrass is the dominant grass in the areas of better soil, but 
on eroded slopes and the poorer soils ricegrass, yellow foxtail, and 
some Natal redtop are prominent. At the higher elevations and under 
the heaviest rainfall, the native ohia lehua is the dominant tree. In 
some places ohia lehua is associated with koahaole and kukui trees. 
Staghorn ferns and some tree ferns are important constituents of the 
plant association in the wettest areas. 

Where the forest has been cleared, Hilograss is generally the domi- 
nant plant, and with it grow lesser amounts of ricegrass and other 
common wetland species. 

The luxuriant vegetation is an exceptionally effective protective 
cover for the Humie Latosols; it minimizes losses of nitrogen and 
probably accounts in part for the relatively high concentrations of 
organie matter in the soils, in spite of conditions favoring rapid 
decomposition of plant remains. The relations of this organic matter 
to such soil properties as cation-exchange capacity and exchangeable 
bases are discussed by Ayres * for soils of this suborder derived from 
volcanic ash. 

The Humic Latosol group has been divided into five families that 
reflect: (1) Characteristics associated with development from rock 
weathered in place as contrasted to characteristies associated with 
development from volcanic ash; and (2) intergrades to Low Humic 
Latosols on one side and to Hydrol Humic Latosols on the other. 

The soils derived from basic igneous rocks weathered in place appear 
to have more “body” than those derived from volcanic ash. This is 
indicated by their higher bulk density. The soils from weathered 
igneous rocks have a bulk density well above 1.0, whereas those from 
volcanic ash have a bulk density of 1.0 or less. 

Two families in the Humic Latosol group—the Kaneohe and Hono- 
lua—are derived from basic igneous rocks. Soils of the Kaneohe 
family occur in the drier parts and are derived from a variety of 
materials ranging from rock weathered in place to weathered old 
alluvium. "The A, horizon has a reddish cast, pH values that are 
generally near 5.0, and a friable consistence whether moist or wet. 


‘Ayres, A. S. SOILS OF HIGH RAINFALL AREAS IN THE HAWAIIAN ISLANDS. 
Hawaii Agr. Expt. Sta. Tech. Bul. 1, 41 pp., illus. 1943. 
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The Honolua family, in contrast, consists of soils developed under 
higher rainfall Associated with that higher rainfall is a grayer Ai 
horizon, lower pH, and a “smeary” * consistence when wet. 

The soils of low bulk density derived from volcanic ash have been 
placed in the Paauhau, Ookala, and Kapoho families. The Paauhau 
family occurs in the driest parts of the Humic Latosol region and in 
many respects its properties are comparable to those of soils in the 
Kaneohe family, which consists of soils derived mainly from alluvium 
or basalt. The Paauhau A, horizon is tinged with red, pH values are 
mainly above 5.5, and the consistence is friable whether the soils are 
moist or wet. 

The Ookala family occurs under higher rainfall than the Paauhau; 
its soils are more nearly like those of the Honolua family, which 
consists of soils derived from rocks weathered in place. The Ookala 
A, horizon is not so gray as that of the Honolua, but the pH values 
are low, and consistence is weakly smeary to nonsmeary. 

The third family, the Kapoho, is a group of relatively young soils 
transitional to the Latosolic Brown Forest great soil group, which will 
be deseribed later. The Kapoho soils have the strongly developed 
granular reddish A; horizon typical of the Humic Latosol group, and 
the friable weakly blocky subsoils as well. Nevertheless, their pH 
values are generally higher than for other Humic Latosols, colors 
are generally darker, and there is evidence of some unweathered 
minerals residual from the parent volcanic ash. Weathering and 
leaching have progressed to such extent, however, that soils of the 
Kapoho family are considered more like Humic Latosols than like 
Latosolic Brown Forest soils of the intrazonal order. 


Hydrol Humic Latosols.—In this great soil group are the soils of 
the Rain Forests. They are differentiated from the Humic Latosols 
on the basis of irreversible dehydration of their clays upon drying. 
These soils are continually wet in their natural condition. When they 
are dry the clays cannot be rewetted. When wet, the soils resemble 
the Humic Latosols. They have very strongly expressed highly 
organic A; horizons over red or yellowish-red B horizons that grade to 
parent materials. 

The inorganic parts of the soils are very strongly weathered. The 
content of bases and silica has been reduced to very low levels by 
weathering and subsequent leaching. Tron and aluminum have been 
correspondingly concentrated, so silica-sesquioxide ratios are very 
low. The clays are apparently largely oxides. The cation-exchange 
capacities of the inorganic fractions are low, but the exchange-capacity 
of the whole soil is moderate to high (20 to 60 milliequivalents per 
100 grams) because large amounts of organic matter have been in- 
corporated. Ayres * has shown that the exchange capacity of the 
inorganic fraction decreases as rainfall increases. Exchangeable 
calcium shows a corresponding decrease with increasing rainfall. 
The ultimate pH of these soils is within the range of 3.6 to 4.7 for the 
A; horizons, and slightly higher for the subsoils. Many of the soils 


ë The term “smeary’’ has been coined to describe soils of Hawaii that smear 
like a gelatinous material when pressed between the fingers. In the Honolua 
family this smeariness is only moderately expressed. It is most pronounced in the 
soils of the Hydro Humic Latosol group. 


5 See footnote 4, p. 74. 
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of this group that receive the highest rainfall are within half a pH 
unit of the ultimate pH, which indicates to what high degree bases 
have been depleted. 

Physically, the Hydrol Humic Latosols are very porous and hold 
very large quantities of water. When wet, they smear under pressure, 
and when dried they shrink, become very hard, and will not rewet. 

Supplies of organic matter are very high in the upper layers—com- 
monly 15 or 20 percent by weight of the soil mass in the A, horizon. 
Organic matter accounts for 50 to 90 percent of the exchange capacity 
for the upper horizons. For the entire soil, to a depth of 4 feet, 
organic matter may make up 3 or 4 percent of the soil mass. Carbon- 
nitrogen ratios range from 15 to 20. 

Hydrol Humic Latosols have been mapped on all the major 
islands except Lanai. The soils are continually wet because they 
oecur where precipitation ranges from 100 to 500 inches a year and 
there is no dry season. They are found mainly at elevations ranging 
from 400 to 6,000 feet, though some areas are at 8,000 feet. 

The Hydrol Humic Latosols are in both vegetation zones D, and D; 
but principally in zone Də (see section on Soils and Vegetation). 
In these zones, ohia lehua is the dominant tree. Sometimes koa is 
associated with it. Staghorn fern, Boston fern, and tree ferns are 
prominent in open areas and as undergrowth beneath the tall trees. 
Loeally, at the higher elevations, koa is the dominant species. Where 
the land has been cleared, guava extends well into the Hydrol Humie 
soil area, and in open country Hilograss, mixed with lesser amounts of 
ricegrass and other wetland species, is dominant. 

The amount of organic matter returned to the soils in a year is very 
large. This organic matter decomposes rapidly, but the luxuriant 
vegetation uses the nitrogen effectively and thus reduces the loss of 
that element by leaching and undoubtedly contributes to the very 
large amounts of humus that have accumulated in the soils. The 
Hydrol Humic Latosols are good examples of a condition in which 
a high proportion of the native plant nutrients is held in a vegetation 
to soil organic matter to vegetation cycle. Unlike many soils of the 
tropics, however, soil organic matter in the Hydrol Humic Latosols 
is not quickly dissipated when native vegetation is destroyed. 

Soils of the Hydrol Humic Latosol group, like those of the Humic 
Latosol group, have been divided into families principally on these 
bases: (1) Soils of moderate bulk density derived from rock or allu- 
vium weathered in place, as contrasted to soils of light bulk density 
derived from voleanic ash; and (2) soils with profile characteristics 
representative of the modal profile as related to soils with profiles 
that are intergrades to other great soil groups. 

The Hydrol Humic Latosols derived from rock or alluvium are 
in one family, the Koolau. They have weakly granular grayish A 
horizons over yellowish-brown or yellowish-red B horizons that are 
very smeary when wet. ‘They appear to have more “body” than the 
other soils of the Hydrol Humic Latosol group. 

The soils derived from volcanic ash have been placed in four families, 
the Hilo, Honokaa, Akaka, and Kealakekua. The Hilo family may 
be considered an intergrade to the Humic Latosols. It occurs at the 
lowest elevations and has a brown or dark-brown A, horizon. The 
Honokaa and Akaka families occur at higher elevations and have 
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Hawaii is a land of contrasting landscapes. 

A, This sugarcane mill is the focal point of a prosperous community supported 
by cane grown on productive gently sloping Low Humic Latosols. (Courtesy 
of the Hawaii Sugar Planters Association.) 

B, Rough broken land in high-rainfall areas is the source of irrigation water 
for the low-rainfall areas where sugarcane is grown. (Official U. S. Navy 
photograph.) 
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Very young and very old landscapes are represented in Hawaii. 

A, Barren fresh lava flows intermingled with slightly older rockland that has 
been thinly mantled. with voleanie ash and sparsely vegetated. (Photo by 
18th Air Base Photo Laboratory, A. C., Wheeler Field.) 

B, Water from high-rainfall areas near the summit has deeply dissected these 
older mountains and built alluvial fans near the coast. Such dissection has 


taken place even on the dry leeward sides of mountains. (Official U. S. Navy 
photograph.) 
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Age is important in soil development. 

A, A thin mantle of voleanie ash around Kauhako Crater at Kalaupapa gives rise 
to fertile but droughty soils, In the foreground are young fertile soils on recent 
deposits of alluvium, and on the dissected mountains in the background are 
Lithosols kept voung by geologic erosion. 

B, Soils of the Halawa series, low in fertility and highly erodible, have formed on 
ihe spurs of this old dissected slope on the eastern end of Molokai. "These 
Humie Ferruginous Latosols are bordered by areas of eroded and rough broken 
land resulting mainly from geologic erosion. 

(Officia! U, 8. Navy photographs.) 
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The Northeast trade winds drop moisture mainly on the northern and eastern 
sides of the mountains. 

A, Kalaupapa in left foreground receives about 60 inches of rainfall annually, but 
the summit of East-Molokai mountain in the background is continually 
blanketed by clouds and receives more than 150 inches of rainfall annually. 

B, At Kaunakakai on the leeward side of Molokai, the rainfall is 11 inches annually. 
The dark strip along the coast is a thick stand of algaroba trees on Mala 
silty clay; the adjacent uplands have a sparse cover of dryland vegetation. 

(Official U. S. Navy photographs.) 
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gray A, horizons. Of these two, the Honokaa family has little or 
no mottling and therefore has relatively good drainage in the subsoil. 
In contrast, the Akaka family has some evidence of mottling in the 
lower part of the B and in the C horizons, which indicates that re- 
ducing conditions exist in those layers. The Akaka family may be 
considered modal for the Hydrol Humic Latosol group. 

Fourth among the families developed on volcanic ash is the Kealake- 
kua, which is relatively younger than the other three. Soils of the 
Kealakekua family are commonly shallow and are derived from 
voleanie ash mixed with weathered rock from the underlying young 
lava. The pH values are correspondingly higher than for soils of the 
other families, organic-matter accumulations are more apparent in 
the color of the A; horizons, and there is more evidence of unweathered 
primary minerals in the solum. Kealakekua soils are like those of 
the Kapoho family, and are transitional to the young Latosolic 
Brown Forest soils of the intrazonal order. 


Humic Ferruginous Latosols.—Soils of this group probably approach 
the end product of soil formation in the Latosol suborder. They 
occur in the same climatic and vegetative zones as the Humic Latosols 
and in the wettest parts of the areas occupied by Low Humic Latosols. 
They are apparently derived from material similar to that which gave 
rise to the Low Humic and Humic Latosols. Their differences from 
those great soil groups may be attributed to differences in age. 

The outstanding characteristic of soils in the Humic Ferruginous 
Latosol group is a concentration of resistant heavy minerals (iron and 
titanium oxides) in the upper part of the soils. The profile consists 
of a thin to moderately thick dark-colored A, horizon, a massive 
to erumb-structured A, that has very high bulk density (commonly 
near 2.0), and a B horizon like that of a Humic Latosol. Apparently, 
silica, bases, aluminum, and some of the iron have been lost. As a 
result, in the upper part of the soil, iron and titanium have been 
concentrated in minerals such as magnetite and anatase. 

In places the concentration assumes the character of a massive 
crust. It is usually not cemented, however, and does not have the 
reticulate mottling characteristic of laterite ironstone. It has not 
been determined to what extent minerals such as magnetite are 
secondary minerals, but there is some evidence that anatase, which 
must be secondary, is important among the titanium-bearing minerals. 

The B horizon is very friable silty clay loam or silt loam in apparent 
texture, though mechanical analyses show it to be 60 to 75 percent 
clay. Bases, silica, and aluminum have been depleted as in the Humic 
Latosols. There is little evidence of the presence of any alumino- 
silicate clays, which suggests either that such clay minerals never 
formed or that they were almost completely decomposed during soil 
formation. 

Humic Ferruginous Latosol profiles are found in varying degrees of 
development. At the one extreme are soils in which the accumulation 
of resistant heavy minerals is apparent mainly in the form of tiny 
glistening specks in an otherwise clayey soil mass. At the other ex- 
treme are soils in which there is a massive horizon in which these par- 
ticles, the size of silt or very fine sand, have accumulated to such 
extent that they make up 75 to 80 percent of the volume. 
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Humic Ferruginous Latosols are found on all the major islands 
except Hawaii. They are probably best expressed on Kauai, the 
oldest island of the group. Their frequency of occurrence and degree 
of expression deereases from the oldest to the youngest mountains. 
The degree of expression apparently is related to the length of time the 
soils have been exposed to the process of soil formation. It is ap- 
parently also related to the character of the parent rock and the speed 
at which it weathered, because these soils are prominent on younger 
lavas of trachyte rather than of basalt. This suggests that develop- 
ment of this kind of profile is more rapid on rocks dominated by 
feldspathoids than those dominated by feldspars. 

The soils occur under rainfall ranging from 25 to 150 inches annually, 
and at altitudes extending from sea level to 4,000 feet. They occur in 
vegetation zones D, Ci, Di, and D; as defined in the section on Soils 
and Vegetation. No Humic Ferruginous Latosols have been observed 
in very dry regions similar to those in which soils of the Molokai 
family occur. The Humic Ferruginous Latosols therefore cover a 
range of environment extending from that producing moderately 
developed A; horizons to that producing the continuously wet Hydrol 
Humic Latosols. 

As proposed by Sherman,” it is possible that the anatase-magnetite 
concentrations may have resulted from titanium and iron brought into 
solution in high-rainfall areas, carried in ground water to lower, drier 
&reas, and brought to the surface of these drier areas during à dry 
season. This would appear possible in many areas where the soils 
occur in a region that has a dry season and lies on slopes below the 
high-rainfall areas. The fact that these soils also occur on sloping 
divides completely separated from high-rainfall areas by deep dis- 
section forms suggests, however, that this mechanism either is not the 
only one operating or that it operated in very recent times before 
dissection of the mountains. 

The Humic Ferruginous great soil group has been divided into five 
families. Three of these—the Mahana, Naiwa, and Haiku—have 
strong concentrations of heavy minerals in the A horizon. Two—the 
Puhi and Manana—have weakly concentrated heavy minerals. 

The Mahana and Naiwa families have silty A horizons. The A; 
horizons in the Naiwa family are massive; they approach a crust where 
extremely developed. The A, horizons of the Mahana family are not 
massive. In the Haiku family the A horizons are clayey, but the 
presence of heavy resistant minerals is made very apparent by the 
high bulk density of the soil mass. 

The Puhi and Manana families show a weak concentration of heavy 
minerals. The concentration is evidenced mainly by small glistening 
specks in the upper part of the solum. The Puhi soils are silty in 
their upper parts and have friable weakly blocky subsoils. The 
Manana soils differ from the Puhi in having a loose silty Az horizon 
that commonly contains small hard aggregates (presumably iron con- 
cretions) and in having very thin blocky subsoils. 

Table 17 shows that the range of pH for several of the families of the 
Humic Ferruginous group is very wide. Differentiation of families 


7 SHERMAN, G. D. THE GENESIS AND MORPHOLOGY OF HAWAIIAN FERRUGINOUS 
LATERITE crusts. Pacific Sci. 4:315—322. 1950. 
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was based more on the degree to which resistant heavy minerals were 
concentrated than on pH. The range of pH results largely from 
apparent variation in age within the soil family. The Mahana soils 
on the islands of Lanai and Oahu, for example, are generally moder- 
atelv high in pH, as compared to soils of the same family on the island 
of Kauat. 

"LIGHT-COLORED SOILS OF ARID REGIONS" 


Only one family of soils has been recognized for this suborder in 
Hawaii. This family has tentatively been classified with the Red 
Desert great soil group, though it does not conform with the Red 
Desert, soils in some major morphological features. The group desig- 
nated is an expedient in the absence of a recognized group that ade- 
quately accomodates these soils. 

Soils of the Kawaihae family occur in regions where the climate is 
very dry, or approaching desert conditions. Vegetation is very 
sparse, and the accumulation of organic matter is small. Leaching 
has not removed carbonates completely from the soils, but they have 
been deposited at deeper depths than is commen for soils of the Red 
Desert group. The clays appear to be dominantly kaolinitic, unlike 
those of the Red Desert soils, and the distinct textural B horizon of 
Red Desert soils is lacking. 

The Kawaihae profile consists of a very weak, thin, reddish-brown 
or brown A; horizon under a pavement of polished, brown-coated 
stone fragments. The uppermost horizon probably is moved con- 
tinually by the wind; it does not necessarily represent a horizon 
genetically related to the underlying soil. This uppermost layer is 
commonly thickest around clumps of grass or other plants and may be 
entirely absent in extensive areas that have little or no vegetation. 
This layer is underlain by 8 to 20 inches of reddish-brown or brown, 
friable, weakly prismatic loam or sandy loam consisting mostly of 
unweathered primary minerals. Below this horizon occurs a carbon- 
ate accumulation, either as a definite soil horizon or as an accumula- 
tion on the stone fragments or on the bedrock. This carbonate accu- 
mulation occurs at depths ranging from 15 to 24 inches and it ranges 
from 2 to 20 inches or more in thickness. 

Soils of the Kawaihae family occur on the islands of Hawaii, Maui, 
and Oahu. Rainfall ranges from 5 to 20 inches annually, and alti- 
tudes from sea level to 2,500 feet. The soils are entirely within 
vegetation zone A (see section on Soils and Vegetation). 

he environment of the Kawaihae family, the only representative 
of "Light-colored Soils of Arid Regions," is similar to that for the 
driest parts of the zone occupied by the Low Humic Latosols. It 
might be inferred, therefore, that the Kawaihae is a family of young 
soils that will eventually develop into soils like those of the Molokai 
family. They are derived from volcanic ash relatively younger than 
the rocks that give rise to the Molokai family. It is difficult to ex- 
plain why the “Light-colored Soils of Arid Regions” have horizons 
of lime accumulations and the Low Humic Latosols have none in 
regions of comparable rainfall, unless the difference can be attributed 
to age. The soils of the Kawaihae family are on young material, 
relative to that for the Molokai family. 
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"DARK-COLORED SOILS OF SEMIARID TO SUBHUMID GRASSLANDS” 


The outstanding characteristics of soils in this tentative suborder 
are the accumulation of organic matter in the upper horizon and the 
high base status of the entire solum. The soils have developed in 
regions where grasses are the dominant vegetation, where rainfall is 
not sufficient to offset the ability of grasses to return bases to the 
surface soil, and where the organic matter concentrates in the upper 
horizons. 

In these soils, organic-matter content decreases from the surface 
horizon downward; the decrease is a straight line function of depth 
until the concentration of organic matter reaches about 1 percent. 
The A, horizon has no sharp lower boundary. 

This suborder has been divided into two great soil groups: (1) Red- 
dish Brown soils, in which lime accumulates within the profile; and (2) 
Reddish Prairie soils, in which lime does not accumulate but is com- 
pletely removed by drainage waters. Doth names are used purely 
as expedients because they represent the established groups most 
nearly like the soils in question. These soils in Hawaii differ from 
the groups named in major morphological features. 


Reddish Brown soils.—Only the Waikaloa family has been recog- 
nized as a member of this group. It has a moderately developed 
brown, dark reddish-brown, or very dark-brown A, horizon, 8 to 12 
inches thick, that is nearly neutral and high in content of organic 
matter. This layer grades into a 10- to 20-inch reddish-brown or 
yellowish-red, weakly prismatic, nearly neutral B horizon. At depths 
ranging from 20 to 30 inches there is a zone in which calcium car- 
bonate is concentrated, the carbonate appearing as a soil horizon or 
as coatings on the rock fragments or on the bedrock. The parent 
material is volcanic ash. The clays are apparently kaolinitic and 
are not concentrated as a maximum in the B. 

Soils of the Reddish Brown group occur on the islands of Hawaii, 
Kauai, Maui, and Oahu under an annual rainfall ranging from 20 to 
60 inches, and at elevations extending from sea level to 4,000 feet. 
They occur mainly in vegetation zones B and C; but locally extend 
into vegetation zone Cs. (See section on Soils and Vegetation.) The 
lower elevation boundary for soils of the group roughly corresponds 
with the elevation at which Bermudagrass and Natal redtop form a 
complete perennial cover. At this limit, lantana and cactus are 
important members of the plant association. The lantana-cactus 
association dominates throughout most of the area occupied by Red- 
dish Brown soils, though at the higher elevations grasses increase in 
size and vigor at the expense of shrubs and cacti. 

Under this environment, organic matter accumulates in the upper 
part of the solum, and bases are maintained at a high level. "The 
parent materials are relatively young, and it is possible that the soils 
of the Waikaloa family may eventually become more depleted of 
bases and may lose some of the characteristics that now dominate 
their profiles. 'The primary minerals dominate in the soils, and 
chemical weathering is apparently very slow. Silica-sesquioxide ratios 
range from 2.1 to 3.6 in the profile analyzed, and the chemical com- 
position for the whole family approaches that for Hawaiian lavas. 
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Reddish Prairie soils.—Like the soils of the Reddish Brown great 
soil group, soils of this group are characterized by a dark-colored A, 
horizon that is neutral or only slightly acid in reaction and high in 
organic matter. The A; grades with depth into a lighter colored 
transitional B horizon. 

The soils of the Reddish Prairie group occupy cool subhumid areas 
on the leeward sides of the larger mountains and are among those 
most productive of vegetables and grass. They are exemplified by 
the dark-colored soils near Waimea on the island of Hawaii and in 
the vieinity of Kula on the island of Maui. 

The Reddish Prairie soils differ from the dark-colored soils of the 
Reddish Brown group in that they have no zone within which calcium 
carbonate accumulates in their profiles. Precipitation apparently 
is great enough to completely remove the carbonates. There is 
evidence that the soils may be becoming more acid near the wetter 
boundary of their zone, but for the most part the surface soils and 
subsoils are nearly neutral in reaction. These soils differ from typical 
Reddish Brown soils in having more organie matter and in having 
kaolinitie clays. 

Reddish Prairie soils occur principally on the islands of Hawaii and 
Maui. The average annual precipitation ranges from 25 to 70 inches. 
Elevations range from 200 to 4,500 feet above sea level, but the soils 
are mostly between elevations of 1,500 to 4,000 feet. The soils are in 
vegetation zones C; and C; as defined in the section on Soils and Vege- 
tation, most of them being in zone Cı. The soils do extend to vegeta- 
tion zone B, but these areas are mainly transitional. 

At present, grasses are the dominant vegetation on the Reddish 
Prairie soils. Bermudagrass is dominant in most of the areas, but in 
wetter ones, where the soils become compacted because of trampling, 
or where fertility is lower, rattail tends to dominate. Natal redtop 
is conspicuous in the drier areas where occasional long periods of 
drought may occur. 

There is considerable evidence that the Reddish Prairie soils at 
higher elevations were originally forested with koa. Some persons 
report a dense forest; others say the stand was open, with grassed areas 
among the trees. 

Soils of the Pahala, Waimea, and Naalehu families have been placed 
in the Reddish Prairie great soil group because of their striking resem- 
blanee to prairie soils. Nevertheless, they also show considerable 
resemblance to Latosolie Brown Forest soils. In the Latosolic Brown 
Forest great soil group, however, there is good evidence that the soils 
are becoming more acid, as the pH generally increases with depth. In 
the Reddish Prairie soils, pH values are nearly neutral throughout the 
solum. This nearly neutral reaction of the Reddish Prairie soils may 
represent a more youthful stage in the development of Latosolic Brown 
Forest soils. 

Chemical weathering has progressed farther in the solums of these 
soils than in Reddish Brown soils, and silica is one of the major con- 
stituents that has been strongly depleted. Silica-sesquioxide ratios 
may be as low as 0.5 in the colloid of some horizons. In spite of such 
low ratios for the colloid, the soils have high cation-exchange capa- 
cities, commonly between 40 to 70 milliequivalents per 100 grams. A 
high proportion of the soil mass, however, falls in the silt and fine sand 
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fractions, in which primary minerals apparently dominate. The per- 
centage of silica in the whole soil is 1% to 2 times the percentage in the 
colloid. 

The Reddish Prairie group is represented by three families—the 
Pahala, Waimea, and Naalehu. The Pahala family occurs at relatively 
low elevations; it has developed on young volcanic ash that overlies 
older, weathered volcanic ash. The materials are nearly neutral in 
reaction, both in the solum and in the underlying older volcanic ash, 
and are only slightly weathered. 

In the Waimea family, as in the Pahala, the materials are only 
slightly weathered. The Waimea materials do not overlie older vol- 
canic ash, however; they rest directly on the soft bedrock. Soils of the 
Waimea family normally oceur at somewhat higher elevations than 
those of the Pahala and have somewhat darker and more highly 
organic A, horizons. 

The Naalehu family completes this great soil group. It differs from 
the other two families in being somewhat more completely weathered 
and in having moderately acid pH values throughout the profile. It 
occurs at elevations comparable to those occupied by the Pahala 
family and may be considered an intergrade to the Latosolie Brown 
Forest great soil group. 


INTRAZONAL SOILS 


Intrazonal soils reflect the dominating influence of such local factors 
of the environment as poor drainage or extremes in chemical composi- 
tion of the parent materials. They contrast with zonal soils, which 
reflect the dominating influence of climate and vegetation. 

Intrazonal soils as a group have no modal profile because their pro- 
files are conditioned by & wide variety of environmental factors. 
Where high calcium content in the parent material is the dominating 
factor, the soils approach those of the Reddish Prairie great soil group. 
Where extremely poor drainage dominates, the soils are organie peats 
or mucks. No statements can be made about the characteristics of 
intrazonal soils, other than to say that their characteristics are the 
results of local, passive, factors of the environment. 

The intrazonal soils occur on all the islands of the Hawaiian group 
under average annual precipitation ranging from 10 inches to 500 
inches, and at elevations extending from sea level to 8,000 feet or more. 
They occur in all vegetation zones except those of the highest moun- 
tains, but the vegetation, in man y instances, is not that characteristic 
of the zonal soils in the given vegetation zone. 


CALCIMORPHIC SOILS 


The Latosolic Brown Forest great soil group is the only member of 
the Calcimorphic suborder in Hawaii. This is a group of young soils 
developing on rapidly weathering materials high in content of bases. 
They occur in regions where the zonal soils are acid. The Latosolic 
Brown Forest soils are not in equilibrium with their environment; 
instead, they are progressing toward the acid soils zonal for the regions 
in which they occur. 

Latosolic Brown Forest soils are characterized by dark-colored A, 
horizons, relatively high in bases and organic matter, that grade to a 
lighter colored B horizon, which in turn grades to young volcanic ash 
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that has a high content of bases. At lower elevations, it can be ex- 
pected that the Latosolic Brown Forest soils will eventually develop 
into Humic Latosols or Hydrol Humic Latosols. At the higher eleva- 
tions it would appear that the Latosolic Brown Forest soils might 
become podzolie, though the characteristics of zonal soils have not 
been determined for high elevations. 

The present Latosolie Brown Forest soils have much in common 
with soils of the Reddish Prairie group. The distribution of organic 
matter is similar, and they are relatively high in bases. The Latosolic 
Brown Forest soils are apparently becoming more acid. The A, 
horizon and upper parts of the B horizon for the Latosolic Brown 
Forest soils commonly have a pH of less than 6.0, but the pH increases 
with depth to approximately 7.0 or 7.5 in the parent material. This 
increase in pH contrasts with the uniformly neutral reaction through- 
out the profile of the Reddish Prairie soils. 

The Latosolic Brown Forest soils occur on the islands of Hawaii and 
Maui under an average annual precipitation ranging from 40 to 120 
inches, and at altitudes ranging from 1,500 to 8,000 feet. They are in 
vegetation zones C,, Cz, Da, D3, and E, (see section on Soils and Vege- 
tation). Those areas in zones C, are transitional to soils of the Reddish 
Prairie group, and those in D; are for the most part approaching soils 
of the Hydrol Humic Latosol group. 

Typical Latosolic Brown Forest areas are normally forested with koa, 
the dominant species at higher elevations. The koa forest grades to an 
ohia lehua forest at lower altitudes. At the highest extremities occu- 
pied by the Latosolic Brown Forest soils, the type of vegetation is that 
typical of plateau or mountain parkland; that is, the trees are inter- 
spersed with areas of grass. Koa is the dominant tree in the lower 
part of this plateau zone, and mamani and naio dominate in the upper 
parts. Trees become more sparse as elevation increases. 

Four families of the Latosolic Brown Forest group have been recog- 
nized in Hawaii—the Hanipoe, Puu Oo, Maile, and Olinda. 

The ITanipoe family occurs at the highest elevations. It is differen- 
tiated from the other families by having a thin red, apparently leached 
horizon immediately under the dark-colored A; horizon. This leached 
horizon looks like an unconformable layer of volcanic ash, and in some 
instances the profile resembles that of a buried soil. Nevertheless, it 
has been concluded that this leached layer is a genetic horizon for these 
reasons: (1) It occurs at a reasonable uniform depth; (2) it is relatively 
uniform in thickness regardless of distance from the source of ash, and 
(3) it occurs on both the islands of Maui and Hawaii at the same eleva- 
tion. The leached layer may represent the beginning of an A, horizon 
for a podzolie soil. At present, however, it is not more acid than the 
material above or below it. Tentatively, soils of the Hanipoe family 
are considered transitional to some kind of undefined acid soil in cool, 
humid, mountain areas. 

The Puu Oo family has the darkest, nearly black, A, horizon. It 
occurs at high elevations in vegetation zone D;, and its soils are becom- 
ing distinctly acid. 

The soils of the other two families, the Maile and Olinda, have dark- 
brown or very dark-brown A, horizons. The subsoils of the Maile 
family are brown and dominantly of heavier textures than those of 
other soils of the Latosolic Brown Forest great soil group. The heavier 
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textures indicate a somewhat greater degree of weathering. Soils of 
the Olinda family have red subsoil dominantly of loam or silt loam 
texture. 

Both the Maile and Olinda families occur under rainfall ranging from 
50 to 80 inches. Rainfall for the Maile family decreases with eleva- 
tion, but for the Olinda family it increases with elevation. Soils of the 
Maile family are dominantly in vegetation zones D; and D;; those of 
the Olinda family are dominantly in vegetation zone C;. 


HYDROMORPHIC SOILS 


The soils of this suborder are strongly influenced by an excess of 
water within the profile. The excess may result from a high-water 
table during part or all of the year or from water seeping in from 
adjacent higher lying land. The soils are characterized by mottling in 
the profile, or by the presence of a gley horizon. Zonal properties are 
suppressed or absent. 

This suborder includes a wide range of soils. The range is from 
weakly hydromorphic soils that moderately express zonal properties to 
highly hydromorphie organie soils such as peat and muck over gleyed 
horizons. 

The Hydromorphic soils occur on the islands of Kauai, Maui, Molo- 
kai, and Oahu under annual rainfall ranging from 10 to 500 inches, and 
at elevations ranging from sea level to 5,800 feet. The vegetation on 
the weakly hydromorphic members is comparable to that on the zonal 
soils. In contrast, vegetation on the strongly hydromorphic peats 
and mucks is characteristic of the particular soils, not of the vegetation 
zone. 


Gray Hydromorphic soils.—In this great soil group are weakly to 
moderately hydromorphic soils. They are characterized by an A; 
horizon dominantly grayish in color over a B horizon that is mottled 
with gray, yellow, and brown as a result of periodic waterlogging. The 
soils are dominantly clayey. They occur on the islands of Kauai, 
Maui, and Oahu under rainfall ranging from 10 to 80 inches per year, 
and at altitudes between sea level and 500 feet. They are in vegeta- 
tion zones A, B, and Cj as defined in the section on Soils and Vegetation. 
Their hydromorphic character results from naturally poor drainage, 
not from induced, or man-made, poor drainage such as that for the 
Paddy soil group. 

The Gray Hydromorphic soil group is divided into three families— 
the Honouliuli, Kalihi, and Kaloko—primarily on the basis of the 
degree to which hydromorphic characteristics are expressed. 

The Honouliuli family is the least hydromorphic of the three. It 
consists of a grayish-brown, moderately plastic, clayey A, horizon 
over a brown of grayish-brown clayey B horizon that is mottled below 
depths of 18 or 20 inches. Soils of the Honouliuli family occur at low 
elevation under low rainfall on the islands of Kauai, Maui, and Oahu 
in places where internal drainage is slow. The water table is generally 
not near the surface. The mottling appears to result more from 
impeded movement of water downward than from a water table as 
such. Generally, there is more exchangeable magnesium in propor- 
tion to calcium in soils of the Honouliuli family than in the zonal soils 
with which they are associated. The Honouliuli family may be con- 
sidered transitional to the “Dark Magnesium Clays” group. 
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The Kalihi family is more strongly hydromorphic than the Hono- 
uliuli. The mottling appears immediately under the A, horizon, and 
the soils are grayer and consist of more sticky and more plastic clay. 
Soils of the Kalihi family occur under somewhat higher rainfall than 
the Honouliuli, and their characteristics are associated with the 
effects of seepage water coming from the adjacent uplands, 

The Kaloko family is the wettest of the Gray Hydromorphic group. 
Mottling appears in the A; horizon, and a water table is near the sur- 
face most of the year. In some places these soils appear to be de- 
posits of alluvium in old lake beds. Organic deposits appear in the 
substratum in at least one of the series. The soils are so wet they 
normally cannot be used for agriculture without drainage. They are 
mineral soils, however, in contrast to the organic soils of the Bog 
great soil group. 


Paddy soils.-In this group are soils that are hydromorphic because 
they have been flooded by man for growing of such crops as taro or 
rice. In mapping in Hawaii, the soils of this group were not differ- 
entiated; they are shown as an undifferentiated group of Hauula 
paddy soils, The general profile consists of about 10 inches of dark- 
gray soft mucky silt loam, which is stirred by tillage, over a highly 
mottled gray, yellow, and brown horizon that is firm or compact and 
holds water well for paddy culture. This firm horizon appears to be 
more clayey, as well as more compact, in the older paddy regions. 
The underlying material is more friable, less highly mottled, alluvium 
of variable texture, but generally silty or clayey. 

Paddy soils occur on the islands of Kauai, Maui, and Oahu under 
annual rainfall ranging from 10 to 150 inches and at low elevations. 
Their distribution is independent of climatic or vegetative zones. 
Generally, the water used for flooding carries some magnesium salts, 
and magnesium is an important constituent among the exchangeable 
cations. 


Bog soils.--These are organic soils. They occur either in formerly 
ponded areas on the lowlands or on sloping mountain summits. In 
either location rainfall is adequate to keep the soils completely satu- 
rated throughout the year, to permit the growth of swamp vegetation, 
and to limit decomposition of organic material under anaerobic condi- 
tions. The Bog group consists of two families: (1) Alakai peat at 
high elevations and (2) near sea level an undifferentiated unit named 
Lowland peat and muck. 

Alakai peat is a deposit of slightly decomposed extremely acid or- 
ganic material derived from reeds, sedges, and small herbaceous 
plants. It occurs on sloping or nearly level mountain summits where 
the rainfall is very high. The peat overlies a bluish-gray, sometimes 
mottled, rubbery clay. Commonly, ironstone occurs as thin layers 
within the clay or as a crust over weathered rock material. 

Alakai peats occur on the islands of Kauai, Maui, Molokai, and 
Oahu at elevations between 3,500 and 5,800 feet in vegetation zone Ds. 
(See section on Soils and Vegetation.) The vegetation, however, is 
not charactristic of that zone. If forest is present, it is stunted and 
has many openings in it. In the openings the vegetation consists of 
sedges, reeds mixed with small herbaceous plants, and a thick coating 
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of mosses. Ohia lehua, normally a tree, has been observed in these 
areas in full bloom at a height of only 4 inches. 

Lowland peat and muck consists of a moderately decomposed peat, 
or a mixture of decomposed peat and alluvium, 8 to 12 inches thick, 
over slightly decomposed plant remains. The plant remains rest on 
bluish-gray mineral material, generally alluvium, at depths of 30 inches 
or more. These soils are not so strongly acid as Alakai peats, are 
more thoroughly decomposed, and locally are used for taro. 


DARK MAGNESIUM CLAYS 


These are apparently members of a large group of dark-colored 
clayey soils of the tropics belonging to a suborder yet unnamed— 
soils variously called Regur, Black cotton soils, and Grumusols. The 
“Dark Magnesium Clays” of Hawaii are only one variety, or tentative 
great soil group, in this large suborder. The Luslualei family is the 
only member recognized in Hawaii. 

Soils of the Lualualei family occur either on alluvium that receives 
seepage water from basic rocks of the adjacent uplands or on porphy- 
ritic basalts in which there are large phenocrysts of olivene. They 
are characterized by their dark color and their sticky highly plastic 
consistence. The surface layer is very dark gray or black, but this 
color apparently does not result from exceptionally large accumula- 
tions of organic matter. These clays crack into large blocks when 
dry and are very hard. The soils become lighter gray with depth, 
and the clays are “soapy” when wet or moist. Gypsum crystals are 
common in the lower horizons. 

Sherman and others ê have proposed a process of dolomitization for 
these soils. In this process part of the calcium in the calcium carbon- 
ate native to the original deposit is replaced by magnesium in waters 
coming from adjacent uplands consisting of basalt rocks. The replace- 
ment of calcium by magnesium allows formation of dolomite in the 
upper part of the soils and precipitation of calcium sulfate as gypsum 
crystals in the lower part. 

The character of the clays suggests minerals of the montmorillonitic 
types, in contrast to the dominance of kaolinite in the associated zonal 
soils as found by Dean? This is in accordance with the conclusions of 
Noll, as reported by Morey and Ingerson,? that montmorillonitic 
types of clay can be formed under conditions of alkalinity such as 
those that would obtain in these soils. 


HALOMORPHIC SOILS 


Soils in this suborder owe their character primarily to concentration 
of soluble salts either at the present time or in the recent past. In 
Hawaii the suborder is represented by two great soil groups, the 
Solonchak and the Solonetz. 


_ In the Solonchak group concentrations of soluble salts at the present 
time are sufficient to cause complete flocculation of the clays. In the 


5 SHERMAN, G. D., KaxznrRo, Y., and Fustmoto, C. K. DOLOMITIZATION IN 
SEMI-ARID HAWAIIAN SOILS. Pacific Sci. 1:38-44. 1947. 

* DEAN, L. A. DIFFERENTIAL THERMAL ANALYSIS ‘OF HAWAIIAN SOILS. Soil 
Sci 63:95-105. 1947. 

? Monzy, G. W., and Inaurson, E. THE PNEUMATOLYTIC AND HYDROTHERMAL 
ALTERATION AND SYNTEHSIS OF SILICATES. Econ. Geol. 32:607-761, illus. 1937. 
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Solonetz, however, the excess soluble salts have been washed away, 
but the clay is left saturated with sodium. 


Solonchak.—This great soil group consists of gray, brown, or red clay 
soils completely flocculated by a high concentration of soluble salts. 
The soils are fluffy, light in weight, and without consistent sequence 
of genetic horizons. They occur near sea level on the islands of Maui, 
Molokai, and Oahu. Their character is independent of climate or 
vegetation, In most places, sea water is the source of the salts. The 
vegetation consists almost entirely of salt-loving plants such as Aus- 
tralian swampbush. Where these soils merge with nonsaline normal 
soils, algaroba extends into the area. 


Solonetz.—One small area, mapped as the Kulani series at South 
Point on the island of Hawaii, has been classified as Solonetz. Soils 
of the Kulani series presumably were saturated with sodium salts. 
The excess salts leached out, leaving clays high in exchangeable 
sodium. These clays, highly dispersed in the upper part of the soils, 
were mobile and moved downward, leaving a 3-inch layer of loose 
crumb-structured clay with a pH slightly above 8.0. Below this 
3-inch layer there is a dark-gray, hard, columnar clay that is highly 
alkaline. Rounded caps on the columns are characteristic of Solonetz 
soils, but they may be entirely absent in this area, 

The Kulani soils occur on the island of Hawaii under an annual 
rainfall of 20 to 30 inches at an altitude of nearly 500 feet. They are 
entirely within vegetation zone A as described in the section on Soils 
and Vegetation. 


AZONAL SOILS 


Except for some accumulation of organic matter in the topmost 
layer, properties of azonal soils are determined primarily by parent 
materials, The soils are very young (pls. 10, 11). They have at- 
tained essentially none of the characteristics possessed by the zonal 
soils of the area in which they occur. They are on all the islands of 
Hawaii, at all elevations, and under all degrees of annual precipitation. 
They are divided into these main groups: (1) Alluvial soils, (2) 
Regosols, and (3) Lithosols. 


Alluvial soils.—'This group consists of young well-drained soils 
derived from recent alluvium. They have very weakly to moderately 
developed A, horizons over unaltered alluvium that is variable in 
character. They occur on all the islands, but mainly at lower eleva- 
tions where alluvium can accumulate. 

This great soil group has arbitrarily been subdivided into two fami- 
lies, the Kawaihapai and Hanalei. The subdivision is based on the 
contrasting properties associated with wet and dry regions. 

The Kawaihapai family occurs on all of the main islands under 
rainfall ranging from 10 to 60 inches annually and at altitudes ranging 
from sea level to 8,000 feet. These soils have a thin reddish-brown 
or brown Ay horizon that is generally near neutral in reaction, and 
under this a sandy to clayey recent alluvium that was washed both 
from soils and from weathering rock. 

The Hanalei family occurs under higher rainfall than the Kawaihapai 
on the islands of Hawaii, Kauai, and Maui, and Oahu. The rainfall 
ranges from 40 to 250 inches annually, and elevations range from sea 
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level to 1,000 feet. Soils of the Hanalei family have brown or grayish- 
brown A, horizons that are generally slightly or moderately acid. 
These A, horizons overlie sandy to clayey recent alluvium that is also 
commonly acid. 

Regosols.—The term “Regosol” has been coined for deep, uncon- 
solidated deposits other than recent alluvium that have little or no 
profile development. The soils are derived mainly from volcanic ash, 
cinders, coral sands, or basaltic beach sands. They occur on all the 
islands under rainfall ranging from 5 to 120 inches, and at elevations 
extending from sea level to the top of the highest mountain. Their 
occurrence is independent of climate or vegetation. 

The Regosol group has been divided into two families—Haleakala 
and Manu—on the basis of degree to which organic matter has ac- 
cumulated in the upper horizon. In the Haleakala family the A: 
horizon may be absent or as much as 6 inches thick, but normally is 
low in organic matter. In the Manu family the A, horizon is 6 to 8 
inches thick, dark brown or black, and high in organic matter. The 
A, horizons of both families are underlain by unaltered parent material. 


Lithosols.—In this great soil group are various soils on highly 
weathered rock or alluvium or on unweathered rock. As for other 
azonal soils, there is little or no development of genetic profile other 
than a small accumulation of organic matter in the uppermost layer. 
All the soils of this group were mapped as land types in Hawaii and 
were not given series names. The land types may be roughly divided 
in the following classes: 


1. Stony land types—areas of extremely stony and bouldery col- 
luvium or alluvium consisting of a mass of large rocks and 
boulders with some soil material imbedded in the matrix. 

2. Eroded land types—areas of former soils, occurring mainly on 
nearly level to sloping land, from which soil material has been 
completely removed by erosion, leaving weathered rock ma- 
terial without genetic profile development. 

3. Rough broken land types—hilly or mountainous areas with little 
profile development, deeply weathered rock, and soil develop- 
ment offset by either geologic or man-induced erosion. 

4. Rockland types—areas of almost bare unweathered rock too 
young for soil of appreciable thickness to have developed; 
they range from barren fresh lavas to young lavas on which a 
few inches of voleanic ash have been deposited. 


Lithosols are on all the islands of Hawaii that were surveyed. 
They occur independently of rainfall, elevation, or vegetation. 


THERE IS A STRIKINGLY systematic zonality of climate in 
relation to the mountain masses of Hawaii, and an associated 
and equally striking zonality of soils. This section deals with 
the correlation between soil and climatic zones and some of the 
implications for soil genesis. 


SOILS AND CLIMATE 


By MARLIN G. CLINE 


S EXPLAINED in the generalized discussions of climate and 

vegetation presented in the introductory part of this report, 
rainfall in the Hawaiian Islands varies with elevation and position in 
relation to prevailing wind, and vegetation types closely parallel the 
variation in rainfall (pl. 12). There is a gradation of soil characteristics 
from regions of lower to regions of higher elevation involving both 
rainfall and temperature differences. Table 19 shows temperature 
and rainfall characteristics and elevations of areas of soil families 
of the zonal great soil groups. 


Low Humic Latosols.-The region occupied by Low Humic Latosols 
is characterized by a long and pronounced dry season. Vegetation is 
dormant a considerable part of each year because moisture is lacking. 
The length of the dry period varies for the different soil families as 
indicated in table 19. For example, the Molokai family of the Low 
Humic Latosol group occurs where rainfall is less than 2 inches per 
month for 6 to 10 months of the year. Furthermore, very heavy 
rains that may occur several years apart contribute appreciably to 
these low averages. 

Throughout the region oceupied by soils of the Molokai family, 
effective rainfall is near zero for more than half of the year, and 
vegetation is largely dormant. Under such conditions, little organic 
matter is deposited; that deposited decomposes under high tempera- 
tures even though moisture is limited; and the soils consequently 
develop very weak A, horizons. Because accumulation of organic 
matter in the form of humus is largely controlled by nitrogen and 
its relative additions and losses, it must be assumed that the vegetative 
cover for the Molokai family is inefficient in conserving nitrogen and 
that this largely accounts for the low organic-matter content of the 
soils. Supporting this conclusion is the fact that soils of the Molokai 
family irrigated and used for sugarcane accumulate larger amounts 
of organic matter. 

Chemical data for profiles 2 and 3 presented by Hough and Byers ! 
are typical of soils of the Molokai family. The soils are only slightly 
or moderately acid and are chemically uniform throughout the solum. 
In these profiles silica ranges from 30 to 40 percent; iron, as the 
oxide, from 17 to 25 percent; and aluminum oxide from 23 to 28 
percent; and total bases rarely exceed 2 percent. When these per- 


1 Hoven, G. J., and Byers, H. G. CHEMICAL AND PHYSICAL STUDIES OF CERTAIN 
HAWAIIAN SOIL PROFILES. U, S. Dept. Agr. Tech. Bul. 584, 26 pp., illus. 1939. 
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Taste 19.—-Clhimatic conditions for great soil groups, Hawaiian Islands 


| 
Number of months with rainfall of — 
‘annual, | Average 
Soil group and family Bivens temper- an Less than | Less than | Less than | More than | More than 
ature FAIS 1 inch 2 inches 3 inches 5 inches | 10 inches 
Low Humie Latosols: Feet oF. 
Molokai 0-1, 500 70-78 
Lahaina 0-2, 100 68-74 
Wahiaw: 250-1, 200 70-73 
Kahana 0-1, 500 69—74 
Kohala------------ 0-2, 000 67-18 
Waialua 0-1, 200 70-77 
Waimanalo 0- 200 72-74 
Humic Latosols: 
Kaneohe. once ebeeu mec ceuke 0-3, 000 64-74 
Honolua... __ _- 0-3, 500 63-73 
Paauhau..... 0-1, 000 70-73 
oc ———————— 0-2, 000 67-72 
Kapohüse---. esce eos 0-3, 000 63-73 
Hydrol Humic Latosols: 
KOGAN 2 e cece sti Ane pees ot 400-8, 000 60-70 
Tlol.c. is ee dee deet eee 0-2, 500 66-72 
Honokaa.. coco ss ct use oe 1, 200-5, 000 60-70 
Akakino terien bee EE 800-6, 000 58-70 
Kealakekua, 1, 800-3, 750 62-68 
Humie Ferruginous Latosols: 
Mahana.__.-----_---..---------- 500-3, 000 64-72 
Naiwa._.__--._-------.-------- 250-4,000 | 62-73 
Haiku ic sli nuce efie cnl 0-4, 000 62-73 
PUD eee She ee he es oe 200- 500 T7Ti-03 
Manana._----------.--_------_- 250-1, 200 70—74 
Red Desert Soils: ] 
Kawaihae____-_.___._---~------ 0-2, 500 70-78 
Reddish Brown Soils: | 
Waikaloa_..-_----.-_.-----.---. | 0-3, 000 68—78 
Reddish Prairie Soils: 
Pele cC 500-2, 000 67~75 
Waimea___.-_---.------------- 1, 000-4, 500 60-72 
Naalehu-_---------------------- 200-2, 500 68-73 | 
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centages are considered in relation to the average composition of 
unaltered Hawaiian lavas—roughly 50 percent silica, 14 percent 
ferric oxide, 14 percent aluminum, and 20 percent total bases, it 
becomes evident that soils such as those of the Molokai family have 
lost an appreciable part of the silica and most of the bases that were 
in the original rock. Loss of silica and bases has led to concentration 
of iron and aluminum. Data by Dean? indicate that the clay 
minerals present are dominated by those of the kaolinitic type. 

With the amount and pattern of rainfall found in the region occupied 
by the Molokai family, one would expect to find in the soil profiles 
the accumulations of calcium carbonate that are typical of pedocalic 
soils. No such layer of accumulation occurs in soils of the Low 
Humic Latosol group, though there is ample calcium in the original 
rock to provide the materials for one. Carbonates have accumulated 
in soils developed on younger materials in similar climatic zones and 
under similar vegetation, but not in the Low Humie Latosols. 

Probably the Low Humic Latosols lack carbonate accumulations, 
in spite of low total rainfall, because rains intense enough to penetrate 
the entire profile do occur at long intervals. These intense rains, 
will, in time, remove carbonates completely from the profile if they 
penetrate to ground water levels. 

The formation of soils of the Low Humic Latosols group is better 
understood after considering the changes brought about by weathering 
of the original rock. According to Richter’s * summary of the work 
on weathering of basic rocks in Hawaii, the original formations 
consisted principally of amphiboles, pyroxenes, and soda-lime feld- 
spars. The primary minerals in these formations are mainly alumino- 
silicates that have a moderate content of iron-bearing minerals and 
relatively large amounts of calcium and magnesium. When these 
rocks weather they lose bases and silica. The secondary minerals 
formed as weathering progresses are mainly kaolinite and hydrated 
oxides of aluminum and iron. It appears that enough water eventually 
falls on these soils to remove most of the bases and much of the 
combined siliea from the profile and to concentrate kaolinite and 
hydrated oxides. 

Most of the Low Humic Latosols have silica-sesquioxide ratios of 
about 1.5 throughout the solum, silica-iron ratios ranging from 5 to 6, 
and silica aluminum ratios of approximately 2. Kaolinite is the 
dominant clay mineral. There is no evidence that mineral constituents 
are translocated and redeposited within the solum, nor that there has 
been differential accumulation of clays either by weathering or by 
translocation within the profile. The soils are chemically uniform 
throughout, except for decreasing concentration of organic matter 
from the surface downward. 

Within the Low Humic Latosols group the sequence of soil families 
from the lowest to highest rainfall is this: Molokai, Lahaina, Wahiawa 
or Kahana, and Kohala. The climatic zone occupied by soils of the 
Molokai family receives less than 1 inch of rain per month for 3 to 8 


2 DEAN, L. A. DIFFERENTIAL THERMAL ANALYSIS OF HAWAIIAN SOILS, Soil Sci. 
63:95-105, illus. 1947. 

3 RICHTER, CHARLES, PHYSICAL PROPERTIES OF HAWAII SOILS WITH SPECIAL 
tiga iir TO THE COLLOIDAL FRACTION. Hawaii Agr. Expt. Sta, Bul. 62, 45 pp., 
illus, 931, 
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months of the year, and less than 2 inches per month for 6 to 10 
months. The climatic zone occupied by soils of the Lahaina family 
gets more than 1 inch of rainfall almost every month of the year, 
but less than 2 inches per month for 3 to 7 months, and less than 
3 inches per month for 5 to 10 months. The climatic zone for soils 
of the Wahiawa and Kahana families receives more than 2 inches 
of rain most months of the year but less than 3 inches for almost 
half the year. In the climatic zone occupied by soils of the Kohala 
family there is more than 3 inches of rain in almost all months, and 
more than 5 inches per month for 3 to 7 months. The Kohala family, 
which receives the highest rainfall, is transitional to soils of the 
Humic Latosol group, and there was considerable question as to the 
group with which it should be included. 

The sequence of soil families in the Low Humic Latosol group 
parallels the increase in rainfall. Content of organic matter and 
distinctness of the A; horizon gradually increase as rainfall increases. 
Soils of the Molokai family, which receive the least rainfall, have an 
A, horizon that is hardly apparent. For soils of the Lahaina family, 
receiving somewhat more rainfall, the A; is distinct and crumb- 
structured. The remaining families of the sequence have distinct 
and strongly granular A; horizons. Organic matter increases from 
about 2 or 3 percent in the A; horizon of the Molokai family to as 
much as 8 or 10 percent in the corresponding horizon for soils of the 
Wahiawa and Kohala families. 


Humic Latosols.—Soils of this group differ from those of the Low 
Humic Latosols group principally because they receive a greater 
total amount of rainfall that is more uniformly distributed through- 
out the year. Soils of this group receive more than 3 inches of rain 
for 10 to 12 months of the year, and more than 5 inches per month 
for 4 to 12 months (see table 19). Because of this distribution, 
vegetation grows on the Humic Latosols almost continuously through- 
out the year, and a very large amount of nitrogen is involved in the 
organic matter that results. These soils therefore have a high con- 
tent of humus not only in the uppermost layer but also to consider- 
able depth. The content of organic matter is large far down in the 
profile, though it is not evident by visual inspection below a depth 
of 12 inches. 

Because Humic Latosols receive more rainfall, they are more acid 
than the Low Humic Latosols. Their pH ranges from 4.0 or 4.5 to 
5.5, or locally, to 6.0. Silica is still further depleted than in the Low 
Humie Latosols, and the bases as well. Silica-sesquioxide ratios are 
generally below 1, and may be as low as 0.5. Silica-iron ratios are 
generally below 2, and so are silica-aluminum ratios. Apparently 
the clay fractions of these soils contain a greater amount of free oxides 
than those of the Low Humic Latosols, but a smaller amount of 
minerals of the kaolinitic type. Organic matter accounts for a 
considerable part of the cation-exchange capacity. 

In the Humic Latosol group, the Kaneohe and Honolua families 
represent a sequence of soils developed under low to high rainfall 
on materials weathered from basic rock in place. Increasing rainfall 
is expressed in the soils by decreasing pH and by increasing grayness 
of the A; horizon. The Paauhau and Ookala families represent a 
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similar sequence of soils developed under lower to higher rainfall on 
voleanie ash. The Kapoho, the fifth family in the Humic Latosols 
group, consists of relatively younger soils that are transitional to the 
Latosolic Brown Forest soils. (See p. 83.) 


Hydrol Humic Latosols.—Soils of this group occur in the climatic 
zone receiving the highest rainfall in the Islands. They receive more 
than 5 inches of rain almost every month of the year, and more than 
10 inches per month for 3 to 12 months of the year. This high pre- 
cipitation is reflected in the character of the clays in the soils. The 
clays apparently are predominantly oxides; they dry irreversibly and 
form hard brownish aggregates that appear as sand in mechanical 
analysis. In reality, however, the whole soil may be almost entirely 
colloidal. The soils are normally very acid and have extremely low 
siliea-sesquioxide, siliea-iron, and silica-aluminum ratios. Silica 
appears to have been more completely depleted in these soils than 
in the Humic Latosols. 

Like the Humic Latosols, soils of this group have a high content 
of organic matter, not only in the surface layer, but also at depths 
extending to 3 or 4 feet. Vegetation forms a luxuriant cover, and 
the amount of plant nutrients involved in the cycle of organic matter 
during a given year must be very large. The natural vegetation is 
an exceptionally efficient cover crop. 


Humic Ferruginous Latosols.— The sequence of soil groups—Low 
Humic, Humic, and Hydrol Humic Latosols—from very dry to ex- 
tremely wet climatic zones is interrupted in some places by a fourth 
great soil group called Humic Ferruginous Latosols. These soils 
occur in the wettest parts of the climatic zone occupied by the Low 
Humic Latosols and extend into the climatic zone of the Hydrol Humic 
Latosols. 

When they were first found it was thought that the Humie Ferrugi- 
nous Latosols were soils that could be associated with kinds of rock that 
are lowest in content of silica. This seemed reasonable because they 
occurred primarily on trachytes and andesites. As the survey pro- 
gressed, however, it was discovered that soils similar to those first found 
on trachytes and andesites also occurred in the regions underlain by 
basalts. This discovery did not eliminate the possibility that com- 
position of parent rock accounted for the nature of the Humic Fer- 
ruginous soils, but it led to the more probable conclusion that they were 
soils at a more advanced stage of development than others in the same 
climatic zones. 

If we conclude that Humic Ferruginous Latosols are older than 
other great soils groups of the Latosol suborder, we must account for 
their greater age. They may be older because they are on lavas that 
have been in place longer than those for the other groups, or because 
they are on lava rocks of such composition that soil development is 
able to proceed more rapidly. Generally the acreage and degree of 
expression of the Humic Ferruginous Latosol profile increases from the 
youngest to the oldest mountains, and this supports the age hypothesis. 
Rock composition could aecount for the strong development of the 
Humic Ferruginous Latosols found on trachytes that contain feld- 
spathoids instead of feldspars. Such rocks might be expected to 
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resist the forces of soil formation less than the basalts and andesites 
and develop to older soils more rapidly. 

The outstanding characteristics of the Humic Ferruginous Latosols is 
concentration of heavy resistant minerals in some of the horizons in the 
upper part of the solum. "These minerals appear to be dominantly 
magnetite and anatase. 

Free oxides are a major part of the whole soil mass of the Humic 
Ferruginous Latosols. (See section on Chemical and Physical 
Properties of Hawaiian Soils.) Silica-sesquioxide ratios for some 
horizons are unbelievably low. In fact, ratios as low as 0.15 have been 
determined. Apparently, after these soils became acid, they lost from 
their profiles the silica, bases, iron, and aluminum that appear in such 
soils as the Humic Latosols. This conclusion is based on calculations 
of losses and gains of constituents in various horizons, using content of 
titanium as a constant. Titanium was used as a constant because it 
was assumed to be the least mobile constituent in the solum. Hough 
and others * have postulated that Humic Ferruginous Latosols repre- 
sent podzolic profiles impinged upon & lateritic material. 

Evidence is very weak that any considerable accumulation of 
materials results from translocation from the surface downward. In 
many respects the Humic Ferruginous Latosols are similar to soils 
described by Pendleton, in which the upper parts of the solum consist 
of almost pure quartz because essentially all other constituents have 
been depleted. In the Humic Ferruginous Latosols of Hawaii other 
minerals would occupy the position of the quartz, because quartz, as 
such, is almost entirely lacking in the parent materials from which the 
soils were formed. Had the parent materials been high in quartz, the 
upper horizon might well have been a ‘‘white lixivium" like that 
described by Pendleton. 

Humic Ferruginous Latosols, as well as those described by Pendle- 
ton, show little evidence of an accumulation of clay, iron, or aluminum 
by translocation from an A horizon to a B horizon. Such translocation 
does occur in podzols, so this writer prefers to regard these Humic 
Ferruginous soils as a variety of Latosols that have reached an 
advanced stage of soil formation. 

As a working hypothesis, one may postulate that there is within 
the climatic zones occupied by Humic Latosols a sequence of soils 
ranging according to age, from Latosolic Brown Forest soils on young 
basic materials through the Humic Latosols to the Humic Ferruginous 
Latosols. A comparable sequence would appear to extend slightly 
into the most humid parts of the rainfall zone in which the Low Humic 
Latosols have been mapped, as well as into the least humid parts of the 
zone occupied by the Hydrol Humic Latosols. 

If this postulation is correct, the Humic Latosols, which have been 
treated as a zonal group of soils in this report, are transitional to the 
Humic Ferruginous Latosols. It therefore could be expected that the 
Humic Latosols eventually will develop the highly leached A horizon 
the Humic Ferruginous Latosols now have. Circumstantial evidence 


4 Hovens, G. J., Grum, P. L., and FosrEn, Z. C. Rock WEATHERING AND SOIL 
DEVELOPMENT IN THE HAWAIIAN ISLANDS. U.S. Dept. Agr. Tech. Bul. 752, 43 
pp. 1941. 

5 PENDLETON, R. L., and S$HaRASSUVANA, B. ANALYSES AND PROFILE NOTES OF 
SOME LATERITE SOILS AND SOILS WITH IRON CONCRETIONS OF THAILAND. Soil 
Sei, 54: 1~26, illus, 1942, 
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supports this assumption. The Humie Ferruginous Latosols show 
their highest development on the oldest mountains on the Islands. 
In places on the island Kauai, the concentrations of heavy minerals 
in the upper part of the Humic Ferruginous Latosols assume the 
proportions of a crust. Also, the Humic Ferruginous soils occur 
extensively not only on the very old mountains of the island of Kauai, 
but also on the older mountains, such as those of the Waianae Range 
on Oahu, on West Maui mountain, on the oldest parts of Haleakala, 
on the island of Maui, and on the oldest mountain on the island of 
Molokai. In contrast, Humic Ferruginous soils are weakly de- 
veloped on the island of Lanai, on the Koolau Range on the island of 
Oahu, on most of Halakeala on the island of Maui, and do not occur 
at all on the island of Hawaii. It is true that Humic Ferruginous 
Latosols occur on younger mountains, but on these they appear to 
be associated with rocks such as trachytes and some of the andesites 
which would resist soil-forming processes the least. 

Red Desert.—In the driest regions on the leeward sides of the 
islands occur soils of the Red Desert group, which developed from 
volcanic ash under an annual rainfall that is generally less than 20 
inches. The stability of the group in relation to soils of the Low 
Humic Latosols group is questionable. Soils of this Red Desert 
group have developed a carbonate accumulation, which Low Humic 
Latosols do not have. Apparently, rainfall has not been suffi- 
cient to completely remove bases that weather from the primary 
minerals of the Red Desert soils. At a more advanced stage of de- 
velopment, carbonates may or may not be completely removed from 
these Red Desert soils. lf they are removed and the end products 
of weathering are dominantly kaolinitic, the Red Desert soils should 
eventually become Low Humic Latosols. 

The Red Desert soils consist mainly of primary minerals and rela- 
tively small amounts of clay minerals such as those that occur in 
the Low Humic Latosol group. The soils are also similar to the Low 
Humic Latosols in having a low concentration of organic matter in 
the upper part of the profile. This low supply of organic matter 
undoubtedly results from the relationships of climate and vegetation. 
Organic matter has little opportunity to accumulate in dry regions 
where vegetation is actively growing for less than half of the year. 

Reddish Brown soils.—At higher elevations, under a cooler climate 
and slightly greater rainfall than that for Red Desert soils, occur 
soils that have developed strong A; horizons but still have an accumu- 
lation of carbonate within their profiles. Their differences from the 
Red Desert soils are undoubtedly associated with differences between 
the climatic zones. 

Reddish Prairie soils.—At still higher elevations than those occu- 
pied by the Reddish Brown soils, occur the Reddish Prairie soils. 
These soils receive about the same amount of rainfall as the Reddish 
Brown. soils, or slightly more, but they do not have a horizon of 
carbonate accumulation. The pH throughout the solum of the 
Reddish Prairie soils is nearly neutral, but this may be a consequence 
of youth. It is probable that the Reddish Prairie soils represent a 
stage of development toward some more acid group of soils. In their 
pcne condition, however, they are very similar to minimal Prairie 
soils. 


THE STRIKING SYSTEMATIC zonality of climate in Hawaii 
is paralleled by an equally striking zonality of vegetation, and 
both are associated with zonality of soils. This section de- 
scribes the vegetation zones and shows their relationships 
to climate and soil. 


SOILS AND VEGETATION 


By E. Y. HOSAKA and J. C. RIPPERTON, College of Agriculture, University of Hawaii 


N THE preceding section it was shown that climate plays a major 

role in soil formation, and that the great soil groups of the world 
are closely correlated with climatic zones. In this section it will be 
shown how vegetation, itself an important factor of soil formation, 
is correlated with soil characteristics. 

As soil gradually develops from the original parent material, there 
is a corresponding gradual change in the vegetation growing on it. 
Changes in the characteristics of a soil that take place during its 
development markedly influence the vegetation it supports, and, 
considering the relationship from the opposite aspect, vegetation has 
an equally important influence on the process of soil formation. 
Within a given climatic zone, the ultimate development is expressed 
by a mature soil and a climax vegetation, cach a function of the other 
and in equilibrium with the other. Thus, within a given climatic 
zone occupied by a major group of soils, there is a general similarity 
of vegetation. Of course, localized differences in depth, drainage, 
salt content, and similar factors that influence soil formation do occur 
within the climatic zone, and these are reflected by corresponding 
intrazonal differences in vegetation. 

The natural vegetation on a given area serves as a valuable index 
of both its climate and its soils. The broadest classifications of 
vegetation may be used as indicators of major climatic differences. 
For example, zones of forest, grassland, or desert shrub indicate 
distinctly different kinds of climate. By use of a narrower, or less 
inclusive, ecological classification, one may forecast differences among 
the major soil groups, or by use of a yet narrower classification, differ- 
ences among subdivisions of those major groups. Classification of 
an area into major zones of similar vegetation has been widely used 
throughout the world. In a relatively new and undeveloped country, 
such a classification can be used as a basis for predicting its suitability 
for agriculture of various sorts. 

Countries that have wide variation in rainfall and temperature 
normally have correspondingly wide differences in native vegetation. 
This is true for Hawaii. The total area of the Islands is only a little 
more than six thousand square miles, but annual rainfall may vary be- 
tween the extremes of 10 inches and 550 inches or more, and the 
altitude, with which temperature is correlated, may go from sea level 
to 13,800 feet. 

According to the general classification of vegetation, the Hawaiian 
Islands have the shrub, forest, parkland, bog, and moss-lichen forma- 
tions. Although there are exceptions, these formations tend to 
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arrange themselves into strikingly regular patterns on the mountain 
slopes as one progresses from very dry leeward sides of the island to 
the wet windward sides, and, as one goes up the slopes, change from 
almost tropical conditions at sea level to the temperate climate in the 
highlands. These regular patterns of vegetation result from (1) the 
relatively constant trade-wind air circulation, (2) the comparative 
uniformity of the mountain slopes, and (3) the small size of the land 
mass, which limits the localized climatic effects common to larger 
bodies of land (see subsection on Climate in part I of this report). 

Various systems based strictly on climate have been proposed for 
classifying, or grouping, similar areas (1, 4,5). Jones and Bellaire (3) 
proposed a system of climatic zones for the Hawaiian area. They 
stated that such a climatic classification “gave regional patterns useful 
as a general picture but unsatisfactory in detail" Later, Ripperton 
and Hosaka proposed vegetation zones (0). Their system of classi- 
fication is a composite of the climatic and vegetative methods of 
classification. Subdivision into major vegetation zones is made 
primarily on the basis of rainfall. Some of the climatic zones cover 
a great range in altitude and are marked by corresponding definite 
changes in vegetation, but these zones have been subdivided into two 
or three vegetation phases on the basis of altitude. 

This method was followed in deriving the vegetation zones and 
phases: Satisfactory relationships between vegetation, rainfall, and 
altitude were first established. Then certain isohyets (lines of equal 
rainfall) and altitude limits were selected to mark tentatively the 
transitions from one vegetation type to another. Climatic data were 
used for setting up the tentative transitions, or boundaries, of the 
zones. Then, wherever the vegetation indicated that a change was 
necessary to represent growth conditions more accurately, the bound- 
aries were shifted up or down the slope. The vegetation zones and 
subdivisions of zones finally derived therefore represent the gencral 
aspects of the vegetation as it now exists. 

Because trees and shrubs have been removed from much of the land 
that is pastured and cultivated, it did not seem appropriate to use 
such terms as “forest zone" or “parkland” for the vegetative zones, 
or to characterize them by names of plant species or plant associations 
that often no longer exist. The letters A, B, C, D, and E therefore 
have been used to designate the five vegetation zones established. 
Where zones have been subdivided into vegetation phases on the 
basis of altitude, the phases are indicated by adding a numeral sub- 
script to the letter designating the zone. ‘Within climatic zone E, 
for example, E4 indieafes the climatic phase occurring at lowest 
altitude, and Es and Es, the phases at respectively higher altitudes. 
Three vegetation zones, C, D, and E, have been subdivided into 
phases. Below 6,000 feet the vegetation divisions conform in & 
general way with total rainfall Above this altitude no rainfall data 
exist. Temperature becomes an important factor of growth above 
this altitude, however, and the vegetation can be subdivided satis- 
factorily on the basis of altitude alone. 

Table 20 lists the five vegetation zones and their phases, sets their 
general limits as to rainfall and altitude, and gives characteristics of 
their native vegetation. The map, Vegetation Zones of Hawai, 
accompanying this report gives location and extent. The limits 


TaBLe 20.—Vegetation zones and their phases, altitudes, annual rainfall limits, and characteristie vegelation, Hawaiian 
Islands 


limit 


Characteristics of the vegetation 


Approximate altitude | 


Natural cover 


Typical plants 


Vegetation zone T 
Inches 
Zone A__--------------- 20 or less... 
Zone B eaa nagana Ea 20 to 401____- 
Zone C: 
Low phase (Cj) ....... | 
40 to 601 |... 
High phase (C3....... j 
Zone D: | 
Low phase (Dj) ....... 
Middle phase (D,)___.- 60 or more... 
High phase (D3) ......— 
Zone E: 
Low phase (Ej. ...... 
| 
Middle phase (F4)... 50 or less..... 
| 
High phase (E3)......... j | 


Feet 
Less than 1,000... 
Less than 3,000... 
bn than 2,500... 
2,500 to 4,000... 


Less than 1,8002... 


Variable... .. 2... 
4,000 to less than 
7,00 


4,000 to 7,000... 


7,000 to 10,000... 


|Over 10,000--------- 


Xerophytic shrub with a 
coastal fringe of trees. 


Xerophytic shrub with 
some trees in the upper 
part. 


Mixed open forest and... 


shrubs. 
Mixed open forest. ...... 


Sbrub and closed forest. . 


Closed forest....--.---_- | 


Open forest------~------- 


Open forest and shrub... 


Mainly upland 
shrub, 


No seed-bearing plants... 


open 


Algaroba, koahaole, swollen fingergrass, 
feather fingergrass, piligrass, bristly 
foxtail. 

Lantana, koahaole, klu, cactus, uhaloa, 
ilima, falsemallow, Natal redtop, pili- 
grass, native panicums, kakonakona. 


Koahaole, guava, lantana, Spanish clover, 
Bermudagrass, kukaipuaa, pilipiliula. 
Bermudagrass, Spanish clover, wild gera- 
nium, bristly-fruited mallow, plantain, 

rattail. 


Guava, sensitiveplant, Boston fern, Hilo- 
grass, ricegrass, basketgrass, honohono, 
staghorn fern. 

Ohia lehua, tree fern, staghorn fern. 

Koa, pukamole, sheepgrass, mountain pili, 
rattail, alapaio fern, tree fern. 


Koa, mamani, heu pueo, mountain pili, 
large Hawaiian lovegrass, kalamaloa, 
sweet vernalgrass, bracken fern, alapaio 
fern, Kentucky bluegrass. 

Mamani, naio, Raillardias, 
kalamaloa, bracken fern. 

Barren except for mosses and lichen. 
(Occasional clumps of silversword and 
Hawaiian bentgrass.) 


heu pueo, 


! Minimum rainfall less than 60 inches 


at ‘higher levels. 


2 Boundary between phases D; and D; varies with location and present use. Generally the boundary is at the highest point where 


most crops ean be grown satisfactorily, as 


udged by climate, soil type, and kinds of crops now grown. 
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given in table 20 for rainfall and altitude are only approximate. 
Some variation is caused by differences in physiography on the differ- 
ent islands, by different arrangement of zones in different localities, 
and by changes in boundaries that were made wherever the vegeta- 
tion indicated that such were needed to represent growth sonditions 
more accurately, 


VEGETATION ZONES 


In the following pages the five vegetation zones are described. 
First given for each zone is the general location, altitude range, major 
use, and the great soil groups it contains. Climate and vegetation 
are then discussed. 

Zone A.—This zone is located on the lee side of the islands or on 
the low windward lands having no mountain background high enough 
or close enough to cause cloud formation and precipitation. Most of 
the zone is between sea level and 500 feet, but parts of it extend to an 
altitude of 2,000 feet. Where water for irrigation is available, the 
arable parts are used for sugarcane. Grazing is the only other use 
of importance. This zone covers the driest part of the regions occu- 
pied by Low Humic Latosols and the regions in which Red Desert 
soils occur. 

Climate.—Normal wind velocity varies from relatively high across 
the ends of the islands or through gaps between mountains to very 
light on the lee side of mountains that are high enough to deflect 
the trade winds. The annual rainfall is normally below 20 inches. 
Some areas with higher rainfall are included, but these are steep slopes 
that lose excessive amounts of water through runoff or places where 
winds produce high evaporation. The lowest, official, long-period 
record of rainfall—an average annual precipitation of 11.8 inches— 
comes from Lahaina, on the island of Maui. 

Winter rains of “kona” origin are more abundant and frequent than 
summer rains. These kona rains are often torrential, and because of 
the combination of high evaporation and high runoff from the slopes, 
the proportion used by plants must be very low. Long dry periods 
are common, At Kaanapali, on the island of Maui, there have been 
ten 8-month periods during the past 31 years in which less than an 
inch of rain fell per month. 

Average annual air temperatures are about 75° F. at sea level, or a 
few degrees higher than on the windward side of the Islands. Maxi- 
mum temperatures are much higher than on the windward side, and 
minimum temperatures much lower. The maximum temperature in 
this zone often exceeds 90°. Records on soil temperatures are not 
available, but they must be excessive on the partially denuded sun- 
baked slopes of much of the area. 

Vegetation.—Except for a coastal fringe of algaroba trees, the vege- 
tation of this zone is of the lowland-shrub type. All of the dominant 
plants are exotics, though most of them have been established a long 
time. The ground cover is generally sparse, and conditions are semi- 
desert. Algaroba is particularly conspicuous. Where ground water 
is close to the surface, algaroba grows to a height of 35 feet or more and 
forms dense stands. On the slopes it decreases sharply in size and 
density, and it does not occur to any extent above 1,000 feet. The 
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principal shrubs are klu, koahaole, and ilima. Koahaole grows in this 
zone only in the gully bottoms and on rich alluvial flats. Ilima, a 
small shrub, is widely distributed throughout the zone but is never 
dense enough to become obnoxious. Australian saltbush is often con- 
spicuous on the flats. Only occasionally is lantana prominent. 

Perennial grasses are conspicuously absent, but a number of annual 
species spring up in abundance after rains. Bristly foxtail grows 
mostly under the algaroba trees and is acceptable forage even when 
dry. Swollen fingergrass and feather fingergrass maintain themselves 
by natural seeding. Pili is chiefly an annual grass in this zone. Sev- 
eral small native panicums are common. 

Because all the dominant species are exotics and their growth is 
considerably affected by grazing, it is difficult to determine trends 
toward definite associations. Robyns and Lamb (7) believe that alga- 
roba will form a climax vegetation along the coast. "The present 
vegetation remains fairly stable; and there is comparatively little 
invasion by species adapted to the adjacent moister zones. 


Zone B.—This zone occurs above zone A, wherever that zone is 
present. It occurs in areas similar to those of zone A, except that it 
appears as narrow coastal strips in some places on the windward sides 
of the islands. Its upper altitude limit extends as high as 3,000 feet 
in places, but the average is about 2,000 feet. Where water for irri- 
gation is available, sugarcane is planted on a large part of the arable 
land lying below an altitude of about 1,200 feet. The cane normally 
produces high yields. Above the altitude where sugarcane is grown, 
pineapples take up the best land. Grazing is the only other use of 
any importance. This zone contains the middle-rainfall belt of the 
Low Humic Latosols, the driest parts of the areas occupied by Humic 
Ferruginous Latosols, and most of the region occupied by Reddish 
Brown soils. 

Climate.—Air circulation and rainfall distribution are similar to 
those for zone A. The limits for total rainfall are approximately 20 
and 40 inches, but these vary according to the proportion of rainfall 
absorbed by vegetation. Where strong winds or high runoff allow 
plants to utilize little moisture, the upper limit may be greater than 
40 inches annually. Conversely, at higher altitudes or in areas with 
more favorable topography the rainfall is used more effectively, the 
lower limit may be less than 20 inches. 

Vegetation.—'The vegetation is of the lowland-shrub type, and the 
plant cover is generally good on all except the steeper slopes and ridges. 
The shrubs are more numerous and vigorous than in zone A, and the 
annuals are longer lived. Where this zone borders the ocean on the 
leeward side of the islands, algaroba is generally prominent. Lantana 
&nd cactus are widely distributed and often form dense thickets that 
choke out all undergrowth. Koahaole is well adapted and often forms 
a dense stand, 10 to 15 feet high, on the flats, in gullies, and on rocky 
areas. In the open places smaller shrubs, principally ilima, uhaloa, 
&nd Japanese-tea, are prominent. Annual and short-lived herbs are 
prominent during the rainy seasons. Among these are Spanish-nee- 
dles, false mallow, pualele, cocklebur, picridium, and zinnia.  Piligrass 
i$ particularly prominent in the lower, drier parts of the zone. In 
wet months this grass makes many places look like fields of sown grain. 
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Kakonakona and other native panicums are common during winter and 
spring. In upper parts of the zone Bermudagrass and Natal redtop 
make excellent growth and form a perennial grass cover lacking on the 
drier lands below. Sourgrass is a particularly prominent pest on the 
island of Oahu in this zone, and sporadie growths of it are appearing 
on the other islands. 

The plant community in this zone is unstable and subject to evolu- 
tionary change. Lantana and cactus have spread over vast areas. If 
koahaole were allowed to compete without grazing, it is believed that 
it would supplant the lantana. The land is grazed, so the trend toward 
koahaole is greatly retarded. 


Zone C.—This zone lies above zone B except where it reaches the 
sea. It often occurs as a band that more or less completely circles 
the lower mountains and dips down to, or nearly to, the coastline on 
the windward side. On plateaus of moderate altitude it widens 
into comparatively extensive areas. The altitude limits for the 
zone vary from sea level to a maximum of 4,000 feet. Because 
such differences in altitude have marked effect on vegetation, the zone 
has been subdivided at about 2,500 feet. The phase below that alti- 
tude is adapted to the more tropical species, and that above to the 
more temperate. 

Zone C is the most desirable one for nonirrigated agriculture; a 
large part of the diversified farming on the Islands is done in it. It 
contains the largest proportion of good-quality arable soil. The cli- 
mate is suited to a greater variety of crops than that of either the 
wetter or drier zones. During the average season the moist spring 
and drier summer permit natural maturing of corn, cereals, potatoes, 
and legumes. These crops frequently do not mature in the wetter 
zones. Sugar and pineapple are the principal crops in zone C, and they 
produce good yields. The upper phase is ordinarily too high for either 
of these crops, though pineapple plantings extend to an altitude of 
nearly 3,000 feet in one locality on the island of Maui. In the lower 
phase ranching is restricted mostly to the gullies and poor lands, but 
in the upper phase some very good land is used for grazing because 
sugarcane and pineapple are not adaptable. This upper phase has 
some of the finest pastures iu the Hawaiian Islands. 

In the low phase are the drier regions occupied by Low Humic 
Latosols, the wetter regions of the Humic Latosols, the middle areas of 
the Humie Ferruginous Latosols, and the areas of lowest altitudes 
occupied by the Reddish Prairie soils. Within the high phase occur 
small acreages of the Reddish Brown soils and a high proportion of the 
total area occupied by the Reddish Prairie soils. The intrazonal 
Latosolic Brown Forest soils extend into the high phase of this zone in 
places. 

Climate.—The limits of total annual rainfall are between 40 inches 
and 60 inches at sea level. The upper altitude limit for the vegetative 
zone is 4,000 feet, and at this elevation 50 inches of rainfall is theoreti- 
cally as effective as 60 inches at sea level. The rainfall at the higher 
altitude is more effective because temperatures are lower and evapora- 
tion is therefore less. 

Most of the rainfall is of trade-wind origin. On the lee of the lower 
mountains and on the plateaus, the rains come from clouds carried 
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over the mountain crests. On the islands of Hawaii and Maui the 
rainfall in those parts of zone C lying leeward of the higher mountains 
is produced by land-sea breezes. Kona rains and local showers are not 
of so great relative importance in this zone as in the drier zones. Dry 
periods lasting more than a month are not common. The greatest 
rainfall comes during fall, winter, and spring. Summer is distinctly 
dry. Cloudy weather occurs more often than in the drier zones, but 
sunshine is generally adequate for plant growth. 

Vegetation.—Zone C, as before mentioned, has been divided into two 
vegetation phases because of the great range of altitude it covers. 

Low Puass (C): The natural vegetation for this phase is open stands 
of shrubs interspersed with a cover of grasses. With few exceptions, 
the ground cover is excellent. Guava, the predominant shrub, grows 
large in gullies where there is more moisture but on the slopes is dis- 
tinetly smaller than in the wetter zones. On the slopes guava ceases 
to be a pest above about 1,500 feet, but in the gullies it extends to an 
elevation of 2,000 feet or more. Lantana, though also widely dis- 
tributed, has neither the vigor or density of growth it shows in zone B. 
Koahaole forms dense thickets in some localities below an altitude of 
about 700 feet. False vervain (joee), one of the smaller shrubs, makes 
a dense growth in places and is a troublesome pest. Indigo. Japanese- 
tea, ilima, and uhaloa are scattered throughout the phase but are not 
generally prominent. 

Grasses are particularly vigorous. The shrub growth is less vigorous 
because of competition from the grasses. Bermuda is the dominant 
species on all the areas of good soil. On the eroded slopes and poorer 
soils, pilipiliula, ricegrass, and yellow foxtail normally become estab- 
blished. Natal redtop is particularly prominent along roadsides and in 
plowed fields, and is also among the plants growing in pastures. On 
the island of Oahu, sourgrass is gradually encroaching on this phase 
from zone B. In the part of this phase adjacent to zone D, Hilograss 
becomes important. 

Lands that have been plowed support a varied and vigorous stand of 
herbs such as Spanish-needle, garden spurge, galinsoga, pigweed, 
pualele, dandelion, and Boston fern. These are suppressed to large 
degree after Bermudagrass becomes established. In zone B there is no 
perennial grass aggressive enough to hold such herbs in check, so they 
continue as an important part of the vegetation. 

Hren Prase (C): There is considerable evidence that much of this 
phase was originally forested. Now, much of the forest has dis- 
appeared. Uncleared sections support open to dense mixed stands of 
ohia lehua and koa. In the more open places the shrubs aalii and 
puakeawe predominate and there is some undergrowth of grasses. 
The cleared areas are essentially grassland. It is not difficult to pre- 
vent trees and shrubs from invading cleared arcas in most places. 
Guava and lantana, the shrubs most common in the lower phase, 
cease to be of importance in this phase. 

Bermuda is the dominant grass on much of the better grassland. In 
the wetter parts where the soils become compacted because of tram- 
pling, or where fertility is lower, rattail tends to dominate. In some 
regions the pastures consist of planted species selected to form a stand 
of the best composition. Natal redtop is conspicuous in the drier areas 
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where the climate is more seasonal. Smooth kukaipuaa is important, 
especially where Bermudagrass is less vigorous. Various kinds of 
herbs are found, including bullthistle, wild geranium, gosmore, bristly- 
fruited mallow, plantain, and dandelion. Spanish clover is particularly 
prominent in the central localities of the zone. 


Zone D.—Most of this zone occurs on the windward sides of high, 
mountains. It includes the crests of the lower mountains and the 
higher levels on the leeward sides. 

This zone is divided into three phases. Sugarcane is grown without 
irrigation in the arable parts of the low phase. The cane yields less 
and produces juices of lower quality than that grown in drier zones, 
because rainfall is excessive and sunlight is limited. Initially, pine- 
apple was planted extensively in the low phase of zone D. Sub- 
sequently these areas were abandoned in favor of drier zones. Re- 
cently improved cultural practices have permitted pineapple produc- 
tion in parts of zone D. Truck crops are grown to some extent, though 
insects and diseases are often troublesome. Dairying is well suited 
to this phase; the animals may be pastured on fresh succulent grasses 
throughout the year. 

Nearly all of the middle phase is included in the forest reserve and 
is the principal source of artesian, tunnel, and surface water used for 
irrigating the drier zones. In the high phase conditions are partic- 
ularly suitable for growing leafy truck crops. 

In the low phase, ranching is generally restricted to the poorer soil 
areas and unarable parts. Only a few areas within the middle phase 
are cleared for pasture. The high phase, though it occurs principally 
ie ae islands of Maui, and Hawaii, contains some important ranch- 

and. 

Within the low phase are the areas of lowest elevation occupied by 
the Humie Latosols and Hydrol Humic Latosols, as well as areas of 
older or more rapidly weathered parent material occupied by Humie 
Ferruginous Latosols. The middle phase covers the regions occupied 
by the more elevated and wetter areas of the Humic Latosols and the 
areas occupied by the Hydrol Humie Latosols. The high phase oc- 
cupies areas where parent materials are young and includes mainly 
soils of the Latosolie Brown Forest group. Areas with Hydrol Humic 
Latosols and Reddish Prairie soils are found in regions adjoining 
zones D; and C}. 


Climate.—Except for the Kona district of Hawaii, rainfall is largely 
of trade-wind origin and is therefore less variable than in the other 
vegetative zones. Winds are generally brisk in the lower parts of the 
zone but seldom strong. The average annual air temperature is 73? 
F. at sea level, or 2? to 3? lower than that on the leeward side. In- 
creased cloudiness and nearly continuously moist soil magnify the 
a of the temperature difference between windward and leeward 
sides. 

'The minimum annual rainfall for this zone is 60 inches at sea level. 
At high altitudes this minimum may be as low as 50 inches because 
rainfall is more effective. Judging from soil characteristics, this min- 
imum rainfall represents the approximate point at which evaporation 
equals rainfall. 
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The maximum rainfall in this zone varies among the different islands, 
but is usually in excess of 200 inches. On the lower mountains the 
maximum rainfall occurs at the crests or somewhat leeward of them. 
On the high mountains, however, the rainfall decreases at altitudes 
above 3,500 fect, so a higher and drier section occurs. Except in ab- 
normal years, the rainfall is adequate for plant growth in all seasons. 
The factors limiting growth of many cultivated crops are mainly ex- 
cessive rainfall, inadequate sunlight, and leached, acid soils. 

Vegetation.—Zone D is divided into low, middle, and high phases. 
No satisfactory division between the low and middle phases could be 
made on basis of total rainfall, altitude, or vegetation, so division was 
made on the basis of utility. The upper limit of the low phase is the 
highest level at which present agricultural crops can be grown. The 
high phase lies above the belt of maximum rainfall; its lower altitude 
boundary is normally above 4,000 feet. The climate of the high phase 
is one of cool temperatures and frequent fogs, resembling somewhat 
the cool marine climates of the temperate zones. 

Low PuasE (Di): The shrub most characteristic of this phase is 
guava. It has covered many thousands of acres so densely that little 
grows underneath except ferns and basketgrass. Ohia lehua occurs 
in the upper part to eertain extent, and is dominant down to sea level 
on the more recent lava flows on the island of Hawaii. Hala and kukui 
are abundant in local areas. Occurring in cleared areas and in open 
association with guava are staghorn fern, amaumau fern, and Boston 
fern. False vervain is a troublesome shrub in some localities. 

Various kinds of grass, sedge, and herbs are found.  Hilograss is 
dominant on the better soils. Ricegrass and yellow foxtail more 
frequently populate poorly drained or thin soils. Carpetgrass has 
become widespread. It forms almost solid stands in places and dis- 
places other grasses and to some extent checks the reestablishment of 
guava and other shrubs. Kaluha and cyperus are sedges prominent 
throughout the phase. Among the herbs are Chinese violet, the trail- 
ing honohono, and tarweed. Sensitiveplant and Spanish clover are 
the only important forage legumes. 

MipprE PuasE (D;): This phase is almost entirely within the forest 
reserve. Ohia lehua is the dominant tree on the island of Hawaii, but 
on the other islands it is associated with koa. Guava extends well up 
into this phase in places. The maximum altitude for the guava is 
about 2,500 feet. Ferns such as alapaio, staghorn, amaumau, Boston 
fern, and tree fern are prominent in open places and as undergrowth 
beneath the tall trees. Where the trees have been cleared away, Hilo- 
erass generally is dominant, and with it occur lesser proportions of 
ricegrass and other common wetland species. 

Hren Puase (Ds): This phase has principally the open type of 
forest vegetation. Koa is the dominant tree, though ohia lehua is the 
associated species in the lower part. Most of the tree growth has 
been destroyed in pastured areas, so these have become generally open 
grasslands. Alapaio, amaumau, staghorn, and bracken ferns are 
common undergrowth. 

Rattail is the dominant grass on much of this phase, though brome 
fescue, sheepgrass, and heu pueo occur in lesser amounts. Sweet 
vernalgrass has become prominent in the plant cover on the windward 
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part of Hawaii and is present on Maui. Its fibrous roots and profuse 
seeding aid it in overrunning the other grasses. In some places there 
are excellent stands of the kinds of plants found in pastures of the 
temperate zones. 


Zone E.—This zone occurs only on the islands of Maui and Hawaii. 
The low phase extends from about 4,000 to 7,000 feet; the middle 
phase from 7,000 to about 10,000 feet, and the high phase from 10,000 
feet upward to the tops of the highest mountains. The zone therefore 
represents the comparatively dry upper slopes of Haleakala, Mauna 
Loa, Mauna Kea, and Hualalai. It hes above the high phase of zone 
D in the wetter localities and above the high phase of zone € in the 
dner places. 

Only a small part of the total area in this zone is used for agriculture. 
The soils are generally too shallow for cropping, and temperatures are 
too low for tropical crops. Accessibility would be a serious problem 
if use of these high areas for agriculture were attempted. The Terri- 
torial forest reserve and National parks take up a considerable part of 
the total. Ranching is the only form of agriculture, aside from culti- 
vating a small area on the islands of Maui and Hawaii for truck crops 
and field corn, respectively. 

Zone E lies at high altitudes where the soil materials are young. 
The soils are mainly intrazonal or azonal. Latosolic Brown Forest 
soils are important in the low and middle phases. Regosols and 
Lithosols dominate in parts of the middle phase and in the high phase. 


Climate.—Comparatively limited climatic data are available for 
this zone. The average annual temperature is about 60° F. at 4,000 
feet, 50° at 7,000 feet, and 40° at 10,000 feet. ‘Temperature fluctuates 
somewhat more at the higher altitudes than near sea level. At Huo 
(elev. 40 feet) the difference between maximum and minimum recorded 
temperatures is 40°, whereas at Humuula (elev. 6,685 feet) the 
difference is 60°. Frosts come rather frequently at elevations as 
low as 4,000 feet, and ice formation is appreciable at 7,000 feet. 
Above about 7,000 feet even the summer temperatures are too low for 
good development of the kinds of crops grown in Hawaii. Above 
about 10,000 feet practically no plant growth occurs. 

It is generally believed that the rainfall limits for zone E are about 
20 and 40 inches annually. Snow frequently caps the tops of Mauna 
Kea and Mauna Loa, and it occasionally falls on Hualalai and 
Haleakala. As this zone lies above the belt of maximum rainfall, it 
has much less cloudy weather than those below. Fogs, however, are 
frequent in the lower part. Wind velocity varies from low to fairly 
strong, depending on the altitude and location. 

Vegetation.—Zone E has been divided into three phases on basis of 
altitude. Its high rainfall fimit is at the lower elevations. 


Low Puasx (Ej): The vegetation is of the plateau parkland type, 
or in the drier parts, the mountain parkland type. Typically there 
are scattered clumps of trees with intervening open grassland. On 
the siopes of Mauna Loa, lava flows have greatly affected the natural 
cover. Ground cover on these flows is generally somewhat sparse, 
though the trees increase in number and density where the soils are 
deep and moist. Koa is the dominant tree in the lower part of the 
phase, and mamani and naio in the upper. Alapai and bracken ferns 
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are commonly associated with the koa. The shrubs puakeawe and 
aalii are common. A considerable number of herbs are present, among 
which are hawksbeard, pukamole, gosmore, plantain, sheep sorrei, and 
mauulaili. The grasses are principally of the bunch type. Where 
this phase occurs above zone D, rattail is prominent in places. Native 
grasses distributed throughout most of the phase are heu pueo, 
mountain pili, mountain lovegrass, kalamaloa, and brome fescue. 

Mippuz Prase (Ej): The trees growing in this phase generally are 
no larger than tall shrubs. Mamani and naio are the dominant plants. 
The grass cover is sparse and consists principally of those species 
listed for the low phase. Practically none of this phase is used for 
pasture or for any other form of agricuiture. 

Hicw Prass (E): This phase occupies the nearly barren summits 
of Mauna Kea and Mauna Loa. The plant growth consists princi- 
pally of moss and lichen, with occasional clumps of silversword and 
Hawaiian bentgrass. 


SOILS AS ECOLOGICAL FACTORS 


Heference to the boundaries for vegetation zones (see map of 
vegetation zones) will show that these zones correlate very well with 
the great soil groups. The dominant effect of climate is obvious in 
the correlation. 

We do not have evidence that will permit carrying the correlation 
of vegetation with soils into soil families, series, and types within the 
great soil groups. Correlation of soils and vegetation does not seem 
to go this far on the Hawaiian Islands, probably because native species 
have been largely replaced by exotics in all places except parts of the 
forest reserve or at very high altitudes. Some of the exotics have 
been established long enough to have reached the ultimate limits of 
their distribution; others have not. Many of the introduced species 
have become the dominants in the various plant associations. They 
have more or less completely displaced the original vegetation under 
which the soils were formed. 

Little is known concerning the vegetation of Hawaii before Captain 
Cook discovered the islands. Probably the forests were much more 
extensive than now. A number of large tracts that now appear to be 
natural grasslands were reportedly forested before they were converted 
to pasture. One can only list the species now occurring in each area. 
One eannot determine what the original vegetation was dunng the 
major period of soil formation, nor predict the type or exact composi- 
tion of the plant association that will ultimately develop. It therefore 
follows that climate is the major ecological factor governing the 
present distribution of natural vegetation in Hawaii. 


INTRAZONALITY OF VEGETATION CAUSED BY SOILS 


Though climate is the dominant ecological factor, some intrazonality 
of the present vegetation resulting from differences among soils is 
evident in composition, density, and vigor of growth. 


AGE OF SOIL 


Composition and abundance of vegetation may vary within & given 
climatic zone because of differences in soil depth that result from 
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different rates of rock weathering. Such differences in vegetation 
often are evident on adjacent lava fiow of different ages or on adjoining 
lava flows of different kinds of material (either Aa or Pahoehoe lava) 
of the same age. The vegetation on different flows ranges from 
slightly to markedly different. Dr. Carl Skottsberg (8) states that 
the flow of 1868 shows a very thin growth of trees and shrubs on the 
Pahoehoe lava but only a lichen stage of vegetation on the Aa lava. 
Forbes (2), in comparing plant composition on Pahoehoe and Aa 
lavas, finds that in the scrub region above the wet forests there is no 
great distinction between flora on the two kinds of lava, except that 
the proportion of lichens on the Aa lava is greater, often to the exclu- 
sion of all other vegetation. 


In the rain beit (3,000 to 6,000 feet altitude) occupied by a dense 
koa forest, Forbes found that 6 inches to a few feet of good soil had 
developed on the Pahoehoe lava, but only a thin layer of soil on the 
Aa. Often Pahoehoe and Aa flows of about the sàme age are seen 
supporting a different forest type—a climax forest of koa on the 
Pahochoe lava, and a developmental associate of the ohia lehua 
vegetation type on the Aa. 


NORMAL SOILS AND PHASES 


The difference in composition of undisturbed vegetation occurring 
on normal soil and on adjoining shallow, rocky, or eroded phases is 
ordinarily surprisingly small. ‘The same types commonly dominate 
on both the normal soil and the phases. The adverse effects of 
the shallowness, rockiness, or erosion is more apparent in density of 
the stand and the size and vigor of the growth than in species repre- 
sented. Following are some of the differences noted between vego- 
tation on the normal soils and their phases on pastureland of certain 
soil groups. 


Reddish Prairie soils (Waimea family).—Bermud agrass is dominant 
on normal soils of this group. Spanish clover and various annual 
grasses and legumes are associated. Plants grow vigorously. On 
the rocky and shallow phases the grass cover is somewhat sparse; 
Bermudagrass occurs only in places. Annual species are more ap- 
parent than on the normal soils, but they make only small growth and 
tend to mature and seed earlier because the soil is thin and drough ty. 


Low Humic Latosols (Lahaina family).—The normal soils support 
a good growth of Bermudagrass and Natal redtop. The ground cover 
is good, though growth is limited by comparatively low rainfall. In 
contrast, the shallow, eroded phases have little perennial grass cover. 
Characteristic species on the phases are cactus, lantana, deep-rooted 
shrubs such as ilima and uhaloa and annual grasses such as feather 
fingergrass and pili. 

Latosolie Broun Forest soils (Hanipoe family) —Much of this area 
is covered with rattail grass, which is associated with white clover in 
places. Before overgrazing and compacting, the normal soils prob- 
ably supported Bermudagrass. Yorkshire fog is unusually abundant, 
and during winter sometimes dominates in the deep moist pockets. 
On the rocky shallow phases, bracken fern, brome fescue, and Agrostis 
retrofracta usually dominate. 
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Humic Latosols (Honolua family).—Hilograss is dominant in all 
cleared areas of the normal soils. On the adjoining shallow soils it 
is displaced by ricegrass. Yellow foxtail, because of its more prolific 
seeding habit, is displacing the ricegrass in many localities. A small 
sedge (Cyperus polystachyus) is common in waterlogged areas. 

Humic Ferruginous Latosols (Haiku family)—The normal soils in 
this family have a good cover of Bermudagrass in the drier parts and 
Hilograss in the wetter. On the shallow or eroded phases, pilipiliula 
grass is dominant. 


WATERLOGGING OF MOUNTAIN SUMMITS 


The bogs, usually occurring on the summits of the flattened moun- 
taintops of the older islands, are similar in appearance. They have 
unique plant associations. Many of the same species occur in the 
different bogs, but occasionally a certain species occurs only in a 
given bog and slightly changes its appearance from that of the others. 

The mountain summits where these bogs occur are nearly always 
covered by moisture-laden, clouds that produce heavy precipitation. 
Sunlight is reduced to a minimum. The bogs are generally open. 
flatland marked with tussocks of native grasses, sedges, herbs, and 
stunted woody plants. Scattered over the bogs are low islands of 
varying sizes, which are covered with woody species such as Lobelia, 
Metrosideros, Vaccinium, and Myrsine. The islets are conspicuous 
landmarks. Some of the plants growing on the low tussocks are 
species of Viola, Carex, Panicum, Selaginell defleza, Sehizaea robusta, 
and Drosera longifolia. 

The most striking thing about the bogs from the standpoint of plant 
composition is the effect of edaphic factors brought about through 
waterlogging. Several bogs similar in appearance and plant composi- 
tion to those at the mountain summits occur in the midst of the 
middle forest zone at an elevation of 4,000 feet or less. If bogs such 
as those at this elevation were drained, it seems certain that forest 
would take over the land. The forest species are clearly encroaching 
around the edges of the bogs where fallen leaves and twigs have 
built drier ground favorable for the development and growth of 


forest. 
LOWLAND BOGS 


Many lowland swamps and marshes of similar appearance and 
plant composition occur throughout the Islands. These marshes 
are natural ones with fairly deep water, or are abandoned taro lands 
with drainage ditches blocked by fallen logs, soil, and vegetation. 
The most important plants in the marshes are bulrush (Seirpus 
lacustris), paragrass (Paspalum purpurascens), and Jussiaea suf- 
fruticosa var hawaiiensis. Other species occasionally found are 
barnyard grass (Echinochloa crusgall), Ipomoea aquatica, Hibiscus 
youngianus, arrowhead (Saggittaria sagittifolia), and honohono 
(Commelina diffusa). These marshes occur mainly on the windward 
side of the islands. 


SALTS IN THE LITTORAL ZONE 


Along the shore, especially on raised coral flats, occur depressions 
ranging from a few square feet to several acres in size. These are 


SOILS AND VEGETATION 109 


natural hollows in solid coral or low places formed by the wind and 
waves in building sand dunes on the scashore. Another type of salt- 
water enclosure is formed by the waves building a barrier or dike 
along the mouth of a shallow bay. 

In moist places in the littoral depressions sea purslane (Sesuvium 
portulacastrum) and beach dropseed (Sporobolus virginius) are domi- 
nant. Along the edges of ponds, akulikuli (Batis maritima) is most 
conspicuous, and it forms a tangled solid cover. Other plants are 
Scirpus maritimus and Scirpus laevigatus. In drier places where 
the soil is sandy, many kinds of plants ranging from vines to tall 
trees are found. The kinds of plants and their relative abundance 
in the cover differ with location. Some of the more common plants 
are beach morning-glory (Ipomoea pescaprae), sea foam (Ipomoea 
littoralis), naupaka (Scaevola frutescens), polinalina (Vitex trifolia), 
lantana (Lantana camara), Australian saltbush (Atriplex semibaccata), 
swollen fingergrass (Chloris inflata), hinahina (Heliotropium anom- 
alum), Capparis sandwichinana, Gaillardia pulchella, Pluchea indica, 
nohu (Tribulus cistoides), algaroba (Prosopis chilensis), and Indian 
almond (Terminalea catappa). 
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LABORATORY DATA presented in this section provides infor- 
mation on the character of the great soil groups and the 
processes of soil formation that cannot be had from field 
studies alone. 


CHEMICAL AND PHYSICAL PROPERTIES OF HAWAIIAN 
SOILS 


By G. DONALD SHERMAN, College of Agriculture, University of Hawaii 


Most OF THE soil investigations in Hawaii have been made with 
definite agronomie objectives in mind, not for study of soil 
properties and the soil-forming processes responsible for them. Several 
recent investigations have shown interesting relationships between 
soil properties and rainfall, but these relationships have not been 
correlated with the major soil groups oceurring on the islands. 

Hough and Byers (6) have selected soil profiles from high- and 
low-rainfall areas and studied their chemical composition. They 
have found that soils from low-rainfall areas are quite uniform in 
chemical composition, and that the same is true for soils from high- 
rainfall areas. Soils in the low-rainfall areas, however, are different 
from those in the high. The soils in the high-rainfall areas have 
evidently lost greater amounts of silica and bases than those of the 
low, because they have been more subject to leaching. 

Dean (4) and Tanada (/0) have shown that some soils developed 
under low rainfall in Hawaii have a high content of clay minerals of 
the kaolinite type, whereas soils of the high-rainfall areas are very 
low in clay minerals of this kind. Dean (3) and Ayres (7) have studied 
the relationship between rainfall and organic-matter content of the 
soils and found that organic matter increases as rainfall increases. 
The same relationship was found for the carbon-nitrogen ratios of the 
organic matter in these soils. The highest ratio was found in the soils 
that occupied the higher rainfall areas. 

Most of the Hawaiian soils have developed under a humid tropical 
climate, which should favor rapid decomposition of primary minerals, 
and possibly the subsequent formation of secondary alumino-silicate 
clay minerals. It is apparent that the secondary clay minerals are 
stable in soils of the drier regions, but in the wetter areas the processes 
of decomposition going on 1n the soils are apparently intense enough 
either to destroy secondary clay minerals or to prevent their formation 
and favor formation of their individual oxides. The Hawaiian soils 
therefore possess the properties caused by the soil-forming process of 
laterization. Silica and bases have been removed in varying degrees, 
depending primarily on the amount of rainfall, and sesquioxides have 
been concentrated in the solum. 

In the following pages chemical and physical properties are described 
for the great soil groups of Hawaii. 
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ZONAL SOILS 


The zonal soils of Hawaii belong to the Low Humic Latosol, Humic 
Latosol, Hydrol Humic Latosol, Humie Ferruginous Latosol, Red 
Desert, Reddish Brown, and Reddish Prairie great soil groups. The 
Latosolic Brown Forest soils are included in this order because of the 
similarity to Reddish Prairie soils in chemical and physical properties, 
though they have been classified as intrazonal soils. 


Low Humic Latosols.—Soils of this group have developed under a 
dry to moderately humid climate. The annual rainfall varies from 
10 to 80 inches, and 6 to 8 months of the year is classified as dry. 
Large acreages of these soils are used for growing pineapples and 
sugarcane. 

The Low Humic Latosols are clay soils, but they have the physical 
properties of silty clay loams. In some instances they approach the 
friability of silt loams. Soils of this group occurring in drier regions 
may be as much as 80 percent clay, yet are not sticky or plastic. 
Dean (4) has established by thermal analysis that the clays of these 
soils are dominantly of the kaolinite type. The content of kaolinite 
generally increases as the rainfall increases. The subsoil of the 
members occurring in the wetter areas is very dense and compact— 
sometimes so compact that plant roots cannot penetrate beyond the 
surface layer. The small amount of evidence available suggests that 
the kaolinite content of the subsoils is very high, and that the surface 
layer of the soils in the wetter areas contains less kaolinite than the 
corresponding layer in the soils of the drier areas. In spite of this, 
the kaolinite content is considered to be high in all layers. Phosphate 
fixation by the clay fraction of these soils is comparable to that 
reported by Stout (9) for pure kaolinite clay. 

Several studies of the chemical and physical properties of the Low 
Humic Latosols have been made. Hough and Byers (5) have re- 
ported chemical and mechanical analyses for several soil profiles 
belonging to this group. Mechanical analysis was difficult because 
the soil materials resist dispersion. Nevertheless, they were able to 
show a clay content for these soils approaching 50 percent. Accord- 
ing to their findings, silt and clay made up the bulk of the solum. 

Chemical analysis of a typical Low Humic Latosol (Lahaina family) 
is given in table 21. As shown therein, the solum (0 to 46 inches) 
contains the most organic matter in its surface layer; is practically 
uniform in all mineral constituents throughout; and contains less 
silica but more oxides of iron and titanium than the parent material. 

Given in table 22 is a chemical analysis typical for the Low Humic 
Latosol profiles (Kohala family) in one of the areas of higher rainfall. 
This shows less silica and much more of the oxides of titanium and 
iron than were found in the Lahaina profile of table 21. By com- 
paring data in tables 21 and 22 it can be seen that the process of 
laterization is concentrating both oxides of iron and of titanium in 
the solum. 
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TABLE 21.—Chemical composition of a Low Humic Latosol profile 
(Lahaina family) in Hawaii (5) 


Depth (inches) pH SiO; Fe,03 AkO; MgO CaO 
Percent | Percent | Percent | Percent | Percent 
OB RTEA E E EE 6.2 81. 23 23. 29 23. 84 0. 51 0. 76 
3-15_._------------- 6. 2 32. 23 23. 96 28. 76 . 45 . 58 
15-835... oem Ru 5.2 32. 36 23. 40 24. 85 . 48 .72 
85-46... E EE T 4.9, 32.73 23. 46 26. 30 . 89 . 43 
E E | ----- | 40.80 | 17.84 | 25.61 . 62 71 
| E! 

Depth (inches) K,0+Na,0 | TiO, | MnO | Po, | Organic 
Percent Percent | Percent | Percent | Percent 
0-3_____--.-------------- 0. 23 4, 90 0. 30 0. 28 3. 80 
D-lb -2dcsmesecte EAS 19 5. 78 30 25 1. 60 
1559052 suce eie ce 13 5.81 22 21 67 
390-460... ..2.sscesel2es 13 4. 61 19 18 63 
46-00. ort eee, 13 3. 74 28 12 18 


TABLE 22.—Chemical composition of a Low Humic Latosol profile 
(Kohala family) in Hawai 


Depth (inches) pH SiO, Fe,03 AlO; TiO: 
Percent Percent Percent Percent 
Ü-Drec.dond cte 5.7 24. 8t 27. 54 20. 10 8. 46 
ü-IS ieee ee eee 5.3 14. 19 46. 84 16. 21 19. 51 
18-80... ene 4.9 21. 26 34. 07 20. 32 11. 38 
SU da Gee eta 5.9 9. 59 49. 52 16. 90 10. 82 


TABLE 23.—Chemieal composition of the colloid fraction of a Low Humic 
Latosol (Lahaina family) in Hawari (5) 


Depth " "n CaO4- MgO-- | Loss on 
(inches) SiO. | FeO; | ALO: | TiO: | Ko. NS, | ignition 
Percent | Percent | Percent | Percent Percent Percent 

14. 78 30. 96 1.61 0. 61 15. 32 

15. 14 31. 94 1. 58 .61 13. 64 

14. 61 31. 97 1. 62 . 54 18. 67 

14. 68 31. 21 1. 62 .61 13. 47 


soil. The colloid contained more silica and alumina than the whole 
soil, but less of iron and titanium oxides than the whole soil. Heavy 
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minerals of the iron and titantum oxide types have been identified in 
these soils (6). 

Derived chemical ratios for Low Humic Latosols are extremely 
uniform. The silica-sesquioxide ratio ranges from 1.2 to 1.7, but for 
most of the soils it is between 1.4 and 1.5. The silica-alumina ratio 
has & range of 1.7 to 2.3, though the majority of the soils have a ratio 
close to 2.0. The silica-iron oxide ratio is markedly variable; the 
range is from 2.5 to 8.0, and the majority of the soils have a ratio of 
about 6.0. The lowest ratios occur in the soils of those regions re- 
ceiving the highest rainfall. 

Cation-exchange capacity for the Low Humic Latosols varies mainly 
from 15 to 30 milliequivalents per 100 grams, and the base saturation 
from 50 to nearly 100 percent. The ratio of exchangeable calcium to 
exchangeable magnesium has been found to be approximately 2.0. 
The content of exchangeable magnesium is highest in the dark-colored 
members of the Low Humic Latosol group, which generally occur at 
lower elevations in the drier parts of the islands. 

Total amounts of manganese may or may not be exceptionally high 
in these soils. A prominent characteristic is pyrolusite (MnQ,) 
disseminated through upper layers of the soil or accumulated as small 
concretions in the subsoil. The pyrolusite is easily detected by its 
violent effervescence with hydrogen peroxide. 

Humic Latosols.—Soils of this group formed under heavier rainfall 
than the Low Humic Latosols. They are moist the year round, so 
pyrolusite (MnO;) cannot be found in them. Horizon differentiation 
is also less strongly expressed than in the Low Humic Latosols. Also, 
the soils of this group developed under a rather heavy cover of natural 
vegetation, which with the greater rainfall, has allowed them to 
accumulate more organic matter. 

Hough and Byers analyzed a typical Humic-Latosol profile (Kan- 
eohe family) with results shown in table 24. The profile contains 
considerably less of silica and alumina than is found in Low Humic 
Latosols (see table 21), but much more of iron and titanium oxides. 
This larger content of oxides probably has resulted because greater 
amounts of silica have been removed. The physical properties of the 
profile suggest that it consists of kaolinite clays or oxide clays. The 
total content of bases is higher than for Low Humic Latosols, probably 
because of the parent material. The profile has a high organic-matter 
content throughout, which is characteristic of soils in the wetter 
regions. 

The chemical composition of the colloid of a Humic Latosol is given 
in table 25. The relationships of silica, alumina, iron oxide, and 
titanium oxide are the same as demonstrated for the whole soil (table 
24). The silica-sesquioxide ratio of the colloid ranges from 0.5 to 
0.9, which is lower than for the Low Humic Latosols. The silica- 
alumina ratio is generally slightly higher than 1.0, and the silica-iron 
oxide ratio is usually less than 1.0. 

Humic Latosols have a relatively high cation-exchange capacity. 
Exchange capacities of 30 to 40 milliequivalents per 100 grams are 
common. A large part of the exchange capacity probably results from 
the organic matter. These soils have a very high buffering capacity. 
In this respect, they differ greatly from Low Humic Latosols and the 
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TABLE 24.—Chemical composition of a Humic Latosol (Kaneohe family) 
in Hawaii (5) 


Depth (inches) pH SiO; Fe30s AlO; MgO CaO 

Percent Percent | Percent | Percent | Percent 

Dy ck daw — " 4.9 20. 33 4]. 60 11. 68 0. 88 0.5 
T oM E 4. 9 17. 17 38. 04 18. 49 57 . 62 
19-81. acawoucesscax 4.9 14. 72 36. 96 21. 46 . 90 . 66 
Sl ize ER 4. 7 18. 30 32. 00 24. 60 .58 .76 
Depth (inches) K,0+Na0| TiO, | MnO | P,O, | Organic 
Percent Percent | Percent | Percent | Percent 
qr AN MER es ET 119| 892) 019] 021 6. 88 
EC NER 1.06| 6.25 . 10 .20 5. 67 
Te ne Mn .92| 3.90,  .07 . 26 5. 58 
"in er = . 58 3. 90 .06 | .25 4. 51 


TABLE 25.—Chemical composition of the colloid fraction of a Humie 
Latosol (Kaneohe family) in Hawari (5) 


Depth (inches) | SiO, | FeO; ^ ALO; | TiO, on iE 
Percent | Percent | Percent | Percent Percent Percent 
Ü- s cree 19. 72 35. 13 21.71 | 3. 64 2. 62 17. 60 
qeu. Linc 15. 24 39. 78 22.96 | 3. 42 1. 55 17. 13 
19-31..... ] 13. 81 38. 46 24. 36 3. 28 1. 85 18. 38 
dile 16. 69 36. 24 24. 19 | 3. 49 1. 16 T0: 


Humie Ferruginous Latosols, both of whieh have very low buffering 
capacities. 


Hydrol Humic Latosols.—Soils of this group have developed in 
areas of very heavy rainfall under an extremely luxuriant vegetation. 
Every month of the year is wet, and the soils are always moist. These 
soils differ from all the others of Hawaii in this: They cannot be rewet 
once they have been dried. They are highly hydrated, shrink tre- 
mendously on drying, and will not rewet and swell to their former 
volume. In many other properties they are similar to the Humic 
Latosols. Hydro! Humic Latosols are not well adapted to use of heavy 
machinery, for they disperse when pressure is applied. 

Hough, Gile, and Foster (6) analyzed a profile of a Hydrol Humic 
Latosol with the results shown in table 26. The profile contains less 
silica than is found in a Humic Latosol, but slightly more of alumina. 
Its content of iron and titanium oxides is slightly less than for Humic 
Latosols. Hydrol Humic Latosols contain more organic matter and 
volatile matter than any of the other soils in Hawaii. Sometimes 
these constituents make up a third of the soil mass. The organic- 
matter content ranges from 10 to 27 percent and, furthermore, the 


CHEMICAL AND PHYSICAL PROPERTIES OF HAWAIIAN SOILS 115 


organic matter is distributed throughout the solum. Bases have been 
leached from these soils. According to Ayres (1) they are approaching 
their ultimate pH. 

As shown in table 27, the colloid of the Hydrol Humic Latosols is 
much like that of the Humic Latosols in chemical composition, except 
that it contains more alumina. Dean (4) has shown that the Hydrol 
Humic Latosols are low in content of kaolinite, so it may be concluded 
that they are made up of oxide clays. The silica-sesquioxide ratio for 
most of these soils is less than 0.5, and the silica-alumina ratio and 
silica-iron ratio are generally less than 1.0. In general, alumina ex- 
ceeds iron oxide. 

Hydrol Humic Latosols have a relatively high cation-exchange 
capacity, or 20 to 60 milliequivalents per 100 grams (7). From 60 to 
90 percent of their exchange capacity is accounted for by their organic 
matter, and the cation-exchange capacity of the mineral part of the 
soil decreases as rainfall increases (1). In contrast, the exchange- 
capacity of the organic-matter fraction increases as rainfall increases, 
and so does the carbon-nitrogen ratio of the surface soils. 

Soils of the Hydrol Humie Latosol group have a very high buffering 
capacity. 


TaBe 26.— Chemical composition, of a typical Hydrol Humic Latosol 
(Hilo family) in Hawai (6) 


Depth (inches)| pH | SiO. | FeO, | ALO; | Tid, | Volatile | Organic 


| Percent | Percent | Percent | Percent | Percent | Percent 


[E30 segete | 9.2 12.9 28. 5 16.5 7.1 31.8 20. 2 
0-18... scce | 5.2 10.3 27.4 27.0 5.3 26. 7 10.7 
18-28 eee seek 5. 2 12.6 28.4 22.4 6.1 27.0 14.3 
28-88... olus 49 12.7 28.3 24. 8 5.6 25.7 10.0 


TaBe 27.—Chemical composition of the colloidal fraction of a Hydrol 
Latosol (Hilo family) in Hawaii (6) 


Depth ; ; CaO+ MgO4- | Combined 
(inches) | SiO | FeO | ALO: | TiO: | R,0O+Na0 | H:O 
Percent | Percent | Percent | Percent Percent Percent 
O65 eot 17. 69 39. 25 29. 44 7. 89 2.14 16. 46 
6-18. 2. c 12. 41 41. 20 32. 73 7. 72 1. 24 14. 17 
18-28... 14. 50 42. 51 28. 95 8. 05 1. 68 15. 11 
28-38... uu 16. 52 37. 75 32. 88 6. 99 1. 66 13. 94 


Humic Ferruginous Latosols.—Soils of this group have a horizon 
in which heavy minerals—oxides of iron and titanium—have been 
concentrated. This horizon has an abnormally high apparent specific 
gravity. An apparent specific gravity of 2.0 is common. In most of 
the soils this heavy layer is dense and structureless when wet but 
develops unstable granular structure when it dries out. This dense 
layer is very slowly permeable to water and resists penetration of 
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plant roots. In a few places erosion has exposed this layer and it has 
becomes so hardened that it has properties comparable to those of a 
“laterite crust.” 

Under the layer of high specific gravity lies material that appears to 
be a very friable silt loam or silty clay loam. Nevertheless, mechanical 
analyses show that this friable layer may be as much as 60 to 75 per- 
cent clay. This friable horizon has been leached of bases, silica, and 
alumina. In the solum of a well-developed Humic Ferruginous Latosol 
there is practically no evidence of any alumino-silicate clays. This 
suggests that the clay minerals have completely decomposed during 
development of the soils, or that they never formed. These soils prob- 
ably represent one of the end-products of tropical soil formation. 

It should be pointed out that the C horizon of Humic Ferruginous 
Latosols is usually a compacted clay. In some profiles there is evi- 
dence strongly suggesting that the C horizon is unconformable, but in 
others it is difficult to decide whether the C horizon is unconformable 
or represents the true parent material. In any event, the physical and 
chemical properties of the C horizon are grossly different from those 
of the solum. 

Chemical analyses of two typical Humic Ferruginous Latosols were 
made with the results shown in table 28. The A horizons of these soils 
have definite concentrations of titanium oxides, and the entire solum of 
each has a high content of iron oxide. The highest content of iron 
oxide was found in the B horizon of the profile of the soil from 
the Naiwa family. All profiles of the Humic Ferruginous Latosol 
group had more silica in the A horizon than in the rest of the solum. 
In some profiles the B horizon contains less than 1 percent silica. 

The chemical composition of the colloid fraction of the Humic 
Ferruginous Latosols is given in table 29. The layer of high specific 
gravity, the A; horizon, has a very low colloid content. In contrast, 
the B horizon has a very high colloid content. ‘The colloids of these 
soils have a very high content of iron oxide but a low content of both 
silica and alumina. This suggests that the clay minerals in the soils 
have decomposed into their component oxides, or that primary min- 
erals have weathered directly to oxides. The large amount of “free 
iron oxide” found in these soils is further evidence supporting this 
theory. The ratios derived through chemical analyses of the colloid of 
these soils are variable. The silica to sesquioxide ratio of the colloid 
ranges from 0.1 to 1.1; the silica to alumina ratio varies even more. 

Humic Ferruginous Latosols have low to moderate cation-exchange 
capacities. The cation-exchange capacity of the A horizon ranges 
from 2 to 30 milliequivalents per 100 grams. The A, horizon has 
practically no buffering capacity. 


Reddish Prairie and Latosolic Brown Forest soils.—Soils of these 
two groups have developed on deposits of volcanic ash at the higher 
elevations. The two groups are much alike in physical and chemical 
properties, though they have been separated in the classification 
scheme for soils of the Hawaiian Islands. Probably they are similar 
because of their youth and the nature of their parent material. The 
basis for separating the groups was difference in rainfall and soil 
characteristics related to this difference. The Latosolic Brown Forest 
soils, which developed under heavier rainfall, have lost a considerable 
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TABLE 28.—Chemical composition of two Humic Ferruginous 
Latosol profiles in Hawait 


Harkxv FAMILY 


Horizon Depth | pH SiO; FeO; AlO; TiO; 
Inches Percent | Percent | Percent | Percent 
Agave Senne eee 0- 8 4.6 12.98 | 43.24 | 13.20 17. 36 
Te S ET bor es uie tee ci 8-14 4.2 14. 04 48. 08 13. 20 18. 92 
A-B.ll.on2sseetesmmen 14-17 4.3 8. 50 46. 84 15. 80 12. 16 
Biiinslucl ciet eec 17-26 4.8 4. 56 47. 36 17. 80 10. 24 
Jj; S MAPPA t ERE 26-42 4.5 2. 30 42. 54 27. 60 8. 88 
(henelclcamcceegeudes 42+] 4.4 9. 00 28. 72 36. 00 6. 68 


Narwa FAMILY 


rc PY 0- 3 4.1 10. 79 38. 20 10. 65 19. 37 
Age tse eeeuk er TAL 3- 5 4.2 5. 50 48. 50 17. 85 24. 69 
no 5-11 4.2 3.78 | 47.50 9. 90 25. 02 
no e — o: 11-13 4.0 5.74| 59.0 12. 60 9. 43 
Bolo he nensem 18-27 4.8 5.50 | 60.5 7. 60 7. 24 
D —Á— 27+); 4.3 | 22.82 35.42 | 21.72 3. 32 


'TAsLE 29.—Chemical composition of the soil colloid and the “free iron 


oxide" content of the A, and B horizons of a typical Humie Ferrugi- 
nous Latosol profile (Naiwa family) in Hawai 


Horizon | Depth | Colloid | SiO; | FeO | ALO; | TiO; rreo iron 


Inches | Percent | Percent | Percent | Percent | Percent | Percent 
a E 5-11 13. 30 5. 44 59. 60 10. 10 21. 00 22. 74 
Bees os 3S 18-27 | 74.79 4.80 | 59.50 13. 00 6. 90 52. 46 


1 Percentage of the total soil. 


n of their bases through leaching. The Reddish Prairie soils, 
owever, are nearly neutral in reaction and retain a large portion of 
their bases. 

The Reddish Prairie and Latosolic Brown Forest soils are used for 
grazing and vegetable crops. The mixture of grasses and legumes 
grown on these soils are similar to those grown on some of the most 
fertile, high-lime soils of the United States. 

Chemical analyses for typical Reddish Prairie and Latosolic Brown 
Forest profiles are given in table 30. Soils of the two groups are very 
similar in chemical composition. 'They contain less silica than the 
Low Humic Latosols, which developed under comparable rainfall on 
volcanic lava materials. As shown in table 31, chemical analyses of 
the colloid of Reddish Prairie and the Latosolic Brown Forest soils 
show that the content of silica in the colloid is even lower than in the 
soils. The silica-sesquioxide ratio for the colloid is therefore very low. 
For soils of both groups the silica-sesquioxide ratio ranges from 0.3 
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to 0.5, and the Latosolic Brown Forest soils have the lower ratio of 
the two. The Latosolic Brown Forest soils generally have lost the 
most silica and appear to be developing toward acid soils. 


TABLE 30.—Chemical composition of typical profiles for Latosolie 
Brown Forest and Reddish Prairie soils in Hawari 


Larosonic Brown Forest (Marie FAMILY) 


Depth (inches) pH SiO: Fe,03 AlsO3 TiO: 
Percent | Percent | Percent | Percent 
DATO bea ce cte e 6.5 20. 2 14.1 29.5 3.2 
10-26.—— — BE ee 7.0 28.1 16.2 36. 0 3. 6 
OS ase oN a ee cer Le 6.8 33. 1 21.0 33. 1 48 
REDDISH PRAIRIE (Waimea FAMILY) 
OSG ities Ate ee ee 6.4 33. 7 15.6 26.4 4.4 
T a P ENNE np autos 7.0 24.7 18. 2 28. 6 4.8 
jp oe da EE E 7.4 23. 5 18.2 31.2 5.0 
prol T "——— 7.7 26. 5 18. 0 31.8 4.8 


Tasis 31.—Chemical composition of colloid fraction from typical 
Latosolie Brown Forest and Reddish Prairie soils of Hawaii 


Latosoric Brown Forest (Marus FAMILY) 


Depth (inches) Colloid | SiO; FeO; ALO; TiO; 
Percent | Percent | Percent | Percent | Percent 
e NCMO EE 34.8 7.7 33. 2 16.8 3.2 
DIS acce ect a eet 32.4 9.6 27. 6 29.8 3.4 
If aet RES 40. 3 9.5 33.4 29.0 4.4 


Reppiss PRAIRIE (WarwEA FAMILY) 


a a ee 56.9] 152] 232 


29.0 3.4 
6-12 user censere ee 43. 9 17.0 21.8 41.0 4.6 
Thee ees cee 42.2 17.2 29.4 32. 6 4.8 
24580 pete dene een oe 24.0 17.7 20. 8 30. 8 4.8 


Cation-exchange capacities for both the Latosolie Brown Forest 
and Reddish Prairie soils are very high—40 to 70 milliequivalents per 
100 grams. At present we cannot explain why soils of these groups 
have a low silica-sesquioxide ratio and a high cation-exchange capacity. 
The clay mineral of these soils has not been identified. 


Reddish Brown and Red Desert soils.—Soils of these two groups 
have developed under arid to subhumid climate. Little weathering 
has occurred because rainfall is low and the vegetation sparse. The 
primary minerals show little alteration. 


CHEMICAL AND PHYSICAL PROPERTIES OF HAWAIIAN SOILS 119 


The Reddish Brown soils formed under heavier rainfall than the 
Red Desert and have a deeper soil profile. A typical chemical 
analysis of a Reddish brown soil profile is given in table 32. In chem- 
ical composition this profile is very similar to the average composition 
for 43 samples of Hawaiian lava analyzed by Cross (2), except that it 
contains more alumina than any of his samptes. No chemical analysis 
for a Red Desert profile is available, but it would likety be similar to 
that for the Reddish Brown profile. 

The only colloid analysis available for soils of these groups 1s that 
reported by Hough, Gale, and Foster (6) and shown in table33. "They 
found that the soils contained very large amounts of silica and alumina. 
Silica-sesquioxide ratios for the profile varied from 2.1 to 3.6, and 
silica-alumina ratios, from 2.9 to 4.6. Lack of chemical weathering 
because of low rainfall and sparse vegetation is reflected in the chemical 
composition of both the soil and its colloidal fraction. 


Tanne 32.—Chemical composition of a Reddish Brown soil of Hawaii 


y, ; a y qi m ms Volatile | Organie 
Depth (nches)| pH | SiO, | Fe,0, | ALO; Ti es HAE 
es j 

Percent | Percent | Percent | Percent | Percent | Perceni 
[o E 6.4 43.5 13. 6 16.0 2.8 12.1 4. 6 
8-6... ......| 64 51.7 10. 9 185.8 2.7 7.8 1.2 
(a VAE 6. 2 45. 9 12.1 20.2 2.1 VY .8 
P —Á 6.6 38.4 15.4 23.4 8.0 7.8 .6 


TABLE 33.—Chemical composition of the colloidal fraction of a Reddish 
Brown soil of Hawaii (6) 


Depth (inches) 


Colloid pH SiO, Fe0; AlO; 

Percent Percent | Percent | Percent 
4| RM CUIU E ene 18.0 6.9 37.9 17.2 84.9 
10-2 f. noce exer Eee 6.6 7.4 52. 5 12.2 27.9 
PA E a 8.8 7.3 42.1 31.5 


17.7 | 


INTRAZONAL SOILS 


To facilitate discussion, the intrazonal soils have been divided as 
(1) organic soils and (2) mineral soils. The organic group (Bog soils) 
contains the mountain peats (Alakai family) and the small areas of 
muck and peat at lower elevations. The mineral group consists of 
the Gray Hydromorphie soils, the Dark Magnesium Clays, and the 
Paddy soils. The Latosolic Brown Forest soils, though classified as 
intrazonal, have been discussed with the zonal Reddish Prairie soils 
because of similarity in chemical and physical properties. 

Several properties are common to all the mineral soils of the intra- 
zonal order in Hawaii. They are all plastic clays that puddle easily. 
Also, they all have a low ratio of exchangeable calcium to exchangeable 
magnesium. A large part of the total cation-exchange capacity, 


TABLE 34.—Conient of exchangeable magnesium in the intrazonal mineral soils of Hawaii 


Cation- Ratio Magne- 
Location Soil family pH exchange e d UA e] K-Ca | sium sat- 
capacity á 8g Mg | uration 
m. e.[100 | m. e.[100 | m. e./100 
gm. gm. gm. Percent 
Pahoa- Ac cel LL vee mese Lualualei--------------------- 6. 0 35. 20 13. 70 12. 95 1. 06 36.8 
Makala____---.--------------_}.--- p EM ade aes 7.1 34. 70 18. 30 12. 77 1. 43 36.8 
Kaneohe Bay.-__..------.---__]..--- GO (oe tae eu sean sees 5. 8 44, 52 11. 70 19. 83 59 44. 5 
Mount Olamana..... looo. Honouliuli........ 222. lccc 4.2 38. 20 40 20.91 02 54.8 
Molili cn cece cece ees Wk Havulasecse yoke usd 7.2 40. 71 15. 34 18. 35 84 45. 1 
MoBnAló34. uere ole oleum RED S mn a 7.0 45. 42 18. 94 18. 61 1. 02 41.0 
Màn0oR... a cece edocs Kalisi vccackcasscceezaa te 5.5 | 37. 60 12. 55 14. 16 88 37.6 
Ewa Honouliuli--__-..--_-_---.___- 6.9 55. 60 29. 20 20. 80 1. 40 37.4 
CEU EMO MEC SIUS Kaloko....-22-- occ eee 7.2 58. 12 24. 00 31. 20 77 53. 7 
i 
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normally 30 percent or more, is made up of exchangeable magnesium. 
This high percentage of magnesium in the exchangeable bases is related 
to the plasticity of the soils. When exchangeable magnesium con- 
stitutes less than 30 percent of the cation-exchange capacity, the soils 
are less plastic. Exchangeable sodium rarely accounts for more than 
3 percent of the total cation-exchange capacity. 

Table 34 gives the cation-exchange capacity and the content of 
exchangeable calcium and magnesium for several intrazonal soils 
(Dark Magnesium Clays, Paddy, and Gray Hydromorphic groups). 
These data clearly show the high content of exchangeable magnesium 
in these soils, and indicate the possible relation of this high content 
to the plastic properties of the soils. 


Gray Hydromorphic soils.—Soils of this group occur in areas re- 
ceiving 10 to 80 inches of rainfall annually. Lack of good internal 
drainage has caused poor aeration of the subsoil and consequent 
mottling. The degree of mottling and the depth in the profile at 
which mottling occurs appear to be associated with the degree to which 
soil profiles are dispersed or to the height of the water table, not with 
the amount of rainfall the area receives. 


Dark magnesium clays.—-Soils of this group occupy semiarid areas 
in the valleys on the western slopes of the islands of Kauai and Oahu. 
The soils exhibit evidence of magnesium salinization. Dolomitiza- 
tion—the conversion of calcium carbonate to the double carbonate 
of calcium and magnesium-—has occurred in small areas of these soils 
in the Lualualei valley on the island of Oahu. "The dolomitization 
process occurs even in the soils that contain more calcium sulfate 
than magnesium sulfate. Arid conditions prevailing a considerable 
part of the year favor the dolomitization process. Magnesium sulfate 
and calcium sulfate are both in the soil solution, but their solubilities 
are different. During the dry period the magnesium sulfate becomes 
more concentrated than the caleium sulfate and therefore may react 
with the calcium carbonate in the soil to produce the double carbonate 
(dolomite) and gypsum. Crystals of gypsum are found in the subsoil 
of the Dark Magnesium Clays below that part of their profile in which 
dolomitization has occurred. 


Paddy soils.—In this group are soils that have been submerged a 
long time for culture of rice and taro. The long submersion has pro- 
duced physical and chemical properties that the soils did not have 
before this culture. As a rule, Gray Hydromorphic soils have been 
used for taro and rice, but others, including zonal soils, also have 
been used by building terraces. Regardless of the kind of original 
soil, the Paddy soils have become exceptionally uniform in many of 
their characteristics. They contain exchangeable calcium and mag- 
nesium in the amounts and relationships found in the Gray Hydro- 
morphic soils and the Dark Magnesium Clays. 

Paddy soils are plastic clays that disperse as readily as the other 
mineral intrazonal soils. During cultivation of the rice and taro, the 
submerged surface soil is agitated enough to cause puddling. As a 
result of the puddling, little water percolates through the soil. 

Submersion has produced conditions contributing to the accumula- 
tion of appreciable quantities of soluble and adsorbed ferrous iron and 
manganous manganese. The relationships of ferrous to ferric iron, 


TABLE 35.—Oxidation-reduction status 


of the ferrous-ferric and manganous-manganic systems in Paddy soils of Hawaii 


; eoi Exchangeable| Reducible —Fet++ Exchangeable] Reducible — Mn-++-++ 
Location of soil pH dol Petit | K foc Mots | Mn+ K Mat F 
P. p. m. P. p. m. | P.p.m. P. p. m. 
Waiahole No. 1... 2. 2c. c.c s. 4.9 15.3 8.7 0. 57 18. 7 0. 8 0. 04 
Waiahole No. 2__...------.---- 6.0 15. 0 7.2 .48 26.6 1.6 . 06 
Waiahole Valley_..-----.------ 6.5 124.1 7.4 . 06 38.4 6.9 .18 
Kahaluu-s e esee eR ees 67; 297.2 10. 6 .04 285.5 48. 6 lt 
6.5 | 417.1 30. 0 .07 220. 7 11.4 . 05 
5.7 | 480. Q 213.0 .44 249. 8 6.0 . 02 
42! 10, 2 363. 0 35. 60 0.8 7, 672.0 9, 590. 00 
t 


Base saturation | Exchangeable bases in milliequivalents per 100 grams 
Location of soil | | g | o 

|an | Exchange | Base satu- | : : c 

| Soil pH | capacity | ration H Ca Mg K Na Mn Fe NH, 

| Milliequiva- 

| lents per 100 | 

| grams Percent 
Waiahole No. 1........ 4.9 43. 0 55.0 19.3] 1078 | 10.57 1. 05 0. 52 0. 07 0. 09 0, 59 
Waiahole No. 2_--.-__- 6.0 45.2 63. 2 16.6 | 15.41 11. 70 . 64 .4T .10 . 09 . 07 
Waiahole Valley....... 6. 5 42. 6 74.8 10.9] 15.76 | 14.30 .64 . 60 .14 .08 .16 
Kahaluu_-__--_------- 6.7 62. 7 | 69. 6 19.0 | 21.38] 18.08 .78 . 69 106 | 1.62 | .11 
Kaneohe L|. ... Meee 6.5 48. 6 | 64. 6 17.2 | 13.51 12. 40 .59 . 60 .81| 2.28 | . 15 
Pearl Harbor- --~----- 5.7 78.0 86. 6 11.4 | 29.72 | 27.338 1.74 2.01 110, 2.58 | „il 

| 


1 Soil in this location is a terrace soil; probably it was a zonal soil before the paddy type of culture began. 
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and of manganous to manganic magnanese, is shown in table 35. The 
contrast with normal soils is evident. In normally well-aerated soils, 
the oxidized forms of iron and manganese exceed the reduced forms (7). 

Below their puddled surface layer the Paddy soils show evidence 
of some aeration. Their subsoils are mottled, which is evidence that 
aeration is sufficient for the oxidation of some of the iron to the ferric 
form. The high content of exchangeable magnesium causes the dis- 
persion of the surface soil. The water used to submerge the soils is 
relatively high in magnesium. The content of exchangeable bases 
in the submerged soils is shown in table 36. 


Bog soils.—In this group are the mountain peats (Alakai family) 
and the small areas of muck and peat at lower elevations. The 
Alakai peats occur on the tops of the mountain ranges, and the muck 
and peats largely in coastal areas. The mountain peats (Alakai 
family) have developed under very heavy rainfall, which has caused 
intensive leaching of bases from the peat. ‘The partially decomposed 
plant residues that make up the peat are very acid, and the vegetation 
is the kind that can tolerate the extreme acidity and low content of 
lime. The peats and mucks at lower elevations occur in small areas, 
are very shallow, and have a high lime content. 


SOIL PROPERTIES THAT INFLUENCE MANAGEMENT 


The clay soils of the zonal order distinctly contrast with those of 
the intrazonal order in plasticity. The zonal clay soils have excellent 
structure that is quite stable, whereas the intrazonal soils are “adobe” 
clays that are sticky, plastic, and easily puddled. Clay soils of the 
zonal order dry rapidly after heavy rains and become workable in a 
short time. The intrazonal “adobe” clays are very difficult to work 
for a long time after heavy rains. 

The high magnesium content of the intrazonal soils has an important 
effect on management, as it influences the availability of potash for 
plants. As the content of exchangeable magnesium increases, the 
availability of potash decreases. It is therefore important that 
methods be found to reduce the amount of exchangeable magnesium 
in the Hawaiian soils. This is easier said than done, as the areas in 
which the problem occurs are those in which the irrigation water con- 
tains much magnesium salts. 

The Low Humic Latosols have the highest active manganese con- 
tent recorded in available literature. This excessive amount of active 
manganese interferes with the intake of iron by plants. Pineapple 
growers have overcome this by spraying the plants with iron salts, 
but this treatment cannot be used for all types of plants. It has been 
found that application of lime and the use of a mulch will greatly 
reduce the amount of exchangeable manganese in the soils (8). 

Another major problem in Hawaiian agriculture is the fixation of 
phosphate by kaolinite and by hydrated iron and aluminum oxides. 
Recent work has shown that the kaolinite of the Low Humic Latosols 
will account for 80 percent of the phosphate fixation. In fact, these 
soils are capable of fixing 99 percent of the phosphate contained in a 
very heavy application of phosphate fertilizer within 24 hours. Re- 
search is being conducted for the purpose of developing methods of 
fertilizer application that will reduce the phosphate-fixation rate for 
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Hawaiian soils. Use of fertilizer pellets, application of fertilizer in 
concentrated bands, and use of fertilizer sprays have met with some 
success. 

Staffs of the University of Hawaii Agricultural Experiment Station, 
the Pineapple Research Institute, and the Hawaiian Sugar Planters’ 
Association Experiment Station have been exceptionally successful in 
solving the special problems arising in the economic utilization of 
Hawaiian soils. These stations maintain large staffs to meet demands 
for both applied and fundamental research in the field of soil science. 
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Part III 


Agriculture and the Soils of Hawaii 


THE SOIL SURVEY of Hawaii will serve many kinds of users but its 
primary purpose is to assist those who make agricultural interpre- 
tations. This part of the report provides some information needed in 
making such interpretations. 

The authors first relate present land use to the families of soils. 
Next, they describe how sugarcane is produced, give the yields 
obtained, and rate the different soil groups according to their relative 
suitabilities for cane. Pineapple production is then discussed, and 
a productivity rating for that crop on important groups of soils is 
provided. 

The authors continue with a discussion of vegetable crops, fruits, 
nuts, and flowers grown commercially on the Islands and point out the 
adaptability of these crops to climatic and vegetation zones. The final 
section deals with less common cultivated field crops, forage crops, 
and pasture; it provides a general productivity rating for pasture on 
the soil families of Hawaii. 

In these sections, for reasons of simplicity, all relationships between 
crops and soils are expressed in terms of the soil family. 
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DIFFERENT USES compete for the land occupied by the soil 
families of the Hawaiian Islands. This section describes that 
competition and some of the factors that determine final use 
of the land. 


SOILS AND LAND USE 


By MARLIN G. CLINE 


TEE IMPORTANT erops of Hawaii have broad patterns of dis- 
tribution related to the distribution of the great soil groups. The 
relationship of the land-use pattern to the great soil groups, annual 
average rainfall, and elevation are shown in figures 4, 5, and 6. These 
relationships primarily reflect the adaptations of crops to broad cli- 
matic zones, which are correlated with the properties of zonal soils. 

Within the area dominated by one great soil group, the land occu- 
pied by each soil family has a much narrower range of climate than the 
great soil group of which it isa member. Consequently, the relation- 
ship between climate and crop adaptability is more refined for the 
soil family than for the great soil group as à whole. This refinement 
is such that the climate for a soil family area can be considered mod- 
erately homogeneous insofar as the relationships between soils and 
their uses are concerned. 

In the area occupied by one soil family, soil characteristics generally 
dominate over climatic factors in determining local land-use patterns. 
The dominating soil properties may be depth to bedrock, stoniness, 
slope, or degree of erosion, which are soil phase criteria, or they may 
be properties used to differentiate between soil series and soil types. 
'These soil characteristics are described in part IV under the name of 
the mapping unit involved. 


Low Humic Latosols (N).--—Where irrigation water is available, 
sugarcane has first priority on soils of this group; otherwise pineapple 
is the first choice. The land-use pattern for the Low Humic Latosols 
therefore indicates the availability of irrigation water for that land 
suited to the use of machinery. At the time field work for this 
survey was done, sugarcane plantings extended into areas of moder- 
ately steep, stony, or shallow soils in this group that required mainly 
hand cultivation. Increased production costs have since made it 
almost essential to use machinery for most cultivation. In con- 
sequence, stones have been removed from some areas, and others 
have been abandoned for sugarcane. ‘These lands and those of 
similar nature that lack irrigation water are now used mainly for 
grazing, or where they occur in small areas, are left idle. A limited 
acreage of land is grazed that could be cultivated with machinery, 
but it consists mainly of small areas isolated from other good agri- 
cultural land. 

The pattern of land use on the Low Humic Latosols is well illustrated 
in figure 4. Sugarcane is the principal crop at lower elevations where 
irrigation water is available. Pineapple replaces it at higher eleva- 
tions where irrigation water is less accessible. Vegetable production 


1 Corresponds with symbol on Generalized Soil Map. m 
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Figure 4.—Land use in relation to great soil groups, elevation, and annual rainfall along northwest-southeast transect from Puu Kukui 
to Haleakala on the island of Maui. Letter symbols correspond with those used on Generalized Soil Map and indicate great soil 
groups as follows: N, Low Humie Latosols; A, Humic Latosols; K, Hydrol Humie Latosols: Bg, Bog soils; L, Lithosols; R, Regosols; 
C, Reddish Prairie soils; and F, Latosolic Brown Forest soils 
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Ficurs 5.—Land use in relation to great soil groups, elevation, and annual rainfall along west-east transect on the island of Oahu. Letter 
symbols correspond with those used on Generalized Soil Map and indicate great soil groups as follows: N, Low Humic Latosols; L, Ko 
Lithosols; Bg, Bog soils; 7, Humic Ferruginous Latosols; and A, Humic Latosols. 
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FraunE 6.—Land use in relation to great soil groups, elevation, and annual rainfall'along northwest-southeast transect across Mauna Kea 
on the island of Hawaii. Letter symbols correspond with those used on Generalized Soil Map and indicate great soil groups as follows: 
ns cd p soils; RB, Reddish Brown soils; C, Reddish Prairie soils; F, Latosolie Brown Forest soils; R, Regosols; and K, Hydrol 
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is an alternative use for Low Humic Latosols that can be irrigated, 
but the acreage so used is limited. Grazing dominates on land dif- 
ficult to work with machinery and on small areas that are easily 
cultivated but isolated from other arable land. 

Molokai family (N1)—Where irrigation water is available, the 
advantage of sugarcane over pineapple is probably greatest on soils 
of the Molokai family. These soils occur in the driest regions, where 
sunlight is greatest and production of carbohydrate is at a maximum. 
Also, they are in those areas where deficiency of rainfall most limits 
pineapple production. Consequently, the soils are most productive 
of irrigated sugarcane, but not so productive of pineapple as those 
in slightly wetter regions. A very high proportion of the soils in the 
Molokai family is used for cane. Where irrigation water is not 
available, however, pineapple extends into the areas near the wetter 
limit for the family, but commonly does not extend into the driest 
parts, where the average annual precipitation is less than 20 inches. 

Lahaina family (N2).—On soils of this family, sugarcane is the 
dominant crop, but its advantage over pineapple is not so great as on 
soils of the Molokai family. Sugar yields are slightly less than on 
soils of the Molokai family, but are still relatively high. Pineapple 
yields are definitely superior to those on soils of the Molokai family. 
Soils of the Lahaina family are probably most productive for pine- 
apple, but sugarcane is still the preferred crop wherever irrigation 
water can be obtained. The proportion of these soils without access 
to irrigation water is greater than for soils of the Molokai family, 
and a correspondingly greater proportion of the total area is used 
for pineapple. 

Soils of the Lahaina family are typical of the pineapple-producing 
areas on. the islands of Lanai and Molokai. They generally occur at 
higher elevations than soils of the Molokai family, and this largely 
accounts for their proportionately greater acreage of pineapple. The 
costs and difficulty of getting water to the land generally increase 
with elevation. Grazing cannot compete with pineapple or sugar- 
cane on soils of the Lahaina family that are suited to machinery. 
Only small isolated areas that might be machine cultivated are grazed. 

Wahiawa and Kahana families (N3, NA).—On soils of these families 
the advantage of sugarcane over pineapple is even less than on soils 
of the Lahaina family. These soils generally occur above the region 
occupied by the Lahaina family, so irrigation water is less frequently 
available. Rainfall is greater, and so is cloudiness. Because of these 
changes in climate, cane normally yields slightly less than on soils 
of the Lahaina family, but pineapple yields about the same or only 
slightly less. Soils of the Wahiawa and Kahana families are dom- 
inantly used for pineapple on the islands of Oahu and Maui, but on 
the island of Kauai the soils extend to sea level and sugarcane therefore 
dominates. 

Kohala family (N5).—Soils of this family occur in regions still 
wetter than those in which soils of the Wahiawa and Kahana families 
occur. Sugarcane can be produced without irrigation, which partly 
offsets the lower yields of that crop resulting from cooler climate and 
greater degree of cloudiness. Nevertheless, rainfall is likely to be 
limiting in some seasons of the year and to cause reduced yields. 
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Pineapple generally dominates on these soils, though they generally 
represent the upper altitude limit for this crop. The fruit is smaller 
and more sour than that produced in drier regions. Although pro- 
duction of cane and pineapple is considerably less efficient on soils of 
this group than on soils of drier regions, pasture cannot compete with 
these crops wherever the soils occur in extensive areas that can be 
cultivated. 


Waialua and Waimanalo families (N6, N7).—Soils of these two 
families occur mainly at low elevations. Where irrigation water is 
available, cane has first priority. 


Humic Latosols (A).—Sugarcane, pineapple, and grazing compete 
for use of land on this great soil group. In the wetter regions occupied 
by Humic Latosols occurs the boundary between cultivated land used 
for pineapple or sugarcane and land used for grazing. These soils have 
rainfall adequate for producing cane without irrigation, though in the 
driest parts the yield may be reduced by lack of moisture in some 
seasons, Cane generally has priority on the soils suitable for machine 
cultivation that occur at lower elevations, where temperatures are 
higher and the amount of sunlight is greatest. At higher elevations, 
where temperatures are cooler and the degree of cloudiness is greater, 
yields of both cane and pineapple are low and grazing generally 
predominates. 

The shallow, stony, and steep soils of the Humic Latosols are grazed 
or left idle. They are capable of producing large amounts of forage, 
but it is generally of poor quality. The land that can be cultivated is 
adapted to a variety of vegetable crops. In large proportion, the vege- 
tables produced on the island of Oahu come from Humic Latosols, but 
the total acreage in vegetables is not great. It is on these soils that 
some of the more extensive planting of macadamia nuts have been 
established. 

Kaneohe family (A1).—Soils of this family occur at elevations low 
enough to permit growing sugarcane. They are used for cane on the 
island of Kauai, but on the island of Oahu they occur in generally 
dissected areas, and the upland remnants are used for various fruits 
and vegetables. On the island of Hawaii these soils are used for cane 
at the lowest elevations and are grazed at the higher elevations. 

Honolua family (A2).—Most of the land is used for grazing. The 
soils occur mainly at relatively high elevations where yields of both 
cane and pineapple are low. Pineapple growing does extend into the 
climatic zone occupied by these soils, but it was noted during the 
survey that many fields were being allowed to revert to pasture. Little 
cane is produced on these soils, and the major part of the pineapple 
grown on them is in the vicinity of Makawao on the island of Maui. 

Paauhau, Ookala, and Kapoho families (A4, A5, A9).—Soils of these 
families occur at low elevations Land adapted to machinery is used 
for sugarcane unless the acreage is limited and isolated from other 
arable land. 


Hydrol Humic Latosols (K).—Cane production and forestry meet 
in the climatic zone occupied by soils of this group. Rainfall is ver 
high, and cane production is feasible only in those areas near sea level. 
The degree of cloudiness is very great, and a large proportion of 
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the total area occurs at high elevations where temperatures are 
relatively low. 

Koolau family (K3).—On soils of this family forests predominate. 
The forests and pastures of the humid regions meet in the lower part 
of the climatic zone occupied by soils of this family. 

Hilo family (K6).—The soils of this family occur near sea level. 
Areas that can be cultivated by machinery are used dominantly for 
sugarcane. For the Hydrol Humic Latosol group, this family and the 
Akaka family mark the boundary between land used for cane and land 
in forest. (See fig. 6.) The break from cultivated land to forest 
comes at the boundary between the Hilo and Akaka families. 

Akaka family (K8).—Soils of this family are dominantly forested 
(see fig. 6). On the larger islands this family marks the zone of 
maximum rainfall and occurs at relatively high elevations. 

Honokaa family (K7).—This family occurs at elevations similar to 
the Akaka family but under somewhat lower rainfall. The soils lie 
above the zone of cane production, just as those of the Akaka family, 
but the Honokaa soils are pastured. 

Kealakekua family (K10).—Soils of this family are used for coffee. 
They occur at moderate elevations where rainfall is high and cloud 
blankets form almost daily. The cloudiness permits growing of coffee. 
without trees for shading the plants. The principal coffee-producing 
section of the Hawaiian Islands is on these soils. 


Humic Ferruginous Latosols (T).— Soils of this group have reached 
a highly advanced stage of soil development. They are found in 
the wettest part of the climatic zone occupied by the Low Humic 
Latosols and from tbere extend through the entire range of the 
climatie zone occupied by Humie Latosols. 

The Humic Ferruginous Latosols are used much like the Low 
Humic Latosols and Humic Latosols, but they are generally in areas 
more nearly marginal for use as cropland. 

Mahana family (T1).—Soils of this family occur in the climatic 
zone suitable for pineapple production and are to a limited extent 
used for that crop. By far the greater part of the area, however, is 
used for grazing. On the island of Kauai some sugarcane is also 
produced on these soils. 

Naiwa family (Y2).—'lhese soils occur in wetter regions at higher 
elevations. They are dominantly used for grazing, but a considerable 
part is used for pineapple. Soils of this family were once used more 
extensively for pincapple than now, but large acreages—mainly those 
severely eroded as the apparent result of intensive cropping—have 
been converted to grazing or are idle. 

Haiku family (T3).—1n the region occupied by soils of this family 
grazing lands and forests of the wet region mect the land used for 
pineapple. Acreages once used for pincapple were much larger than 
those now used. In this family, as in the Naiwa, grazing is forcing 
pineapple growing back to the lowest clevations. 

Puhi and Manana families (T4, T5).—Proportionately, the soils of 
these two families are used to greater extent for cultivated crops than 
those of other families in the Humic Ferruginous Latosol group. 
On the island of Kauai the Puhi family occurs at relatively low eleva- 
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tions in humid regions and is used intensively for sugarcane wherever 
the land can be cultivated with machinery. Soils of the Manana 
family are used for pineapple. On the island of Oahu, pineapple 
erowing meets grazing in the upper part of the climatic zone occupied 
by soils of the Manana family. 

Red Desert soils.—Grazing predominates on soils of this group. 
The soils are ordinarily so stony and rocky that cultivation with 
machinery is extremely diffieult, and they normally oceur where 
irrigation water is not available. Almost all the land is used for 
grazing. On the limited large, deep, nonstony areas of these soils 
production of cane should be as good as on the Low Humic Latosols 
if irrigation water were available. This great soil group is represented 
by one family, the Kawaihae (RD). 

Reddish Brown soils.—Soils of this group are used mainly for 
grazing, though at the upper limits of the climatic zone in which 
they occur some vegetables are produced. Temperature is somewhat 
limiting for sugarcane in most areas, and this together with the 
general deficiency of rainfall, lack of irrigation water, and high pro- 
portion of stony shallow soils, probably accounts for the dominance 
of grazing. This great soil group is represented by one soil family, 
the Waikaloa (RB). 

Reddish Prairie soils (C)—Pasture, field crops, and vegetables 
compete at higher clevations on these soils, and pasture and sugar 
compete at the lower. 

Waimea family (C2).—Some of the best pastures in the Islands, 
as well as some of the best vegetable lands, are on soils of this family 
on the islands of Hawai and Maui. At the highest elevations at 
which these soils occur, the climate is subhumid warm-temperate and 
admirably suited to both pasture and vegetables. 

Pahala and Naalehu families (C1, C3).—Soils of these families occur 
at lower elevations than those of the Waimea family. They are 
used for sugarcane in the Kau section of the island of Hawaii, mainly 
without irrigation. Some vegetable growing is done on these soils, 
but sugar growing and grazing compete for most of the land. 


Latosolic Brown Forest soils (F).— The soils of this group occur 
at high elevations in a cool, moist climate. Practically all of the 
land is grazed. Only a small acreage is in vegetables. Vegetable 
production could be greatly expanded, but so far isolation from good 
roads and markets has apparently prevented vegetable growing from 
competing successfully with grazing. The principal vegetable- 
producing areas are near Olinda on the island of Maui. The soil 
families in this great soil group are the Hanipoe (F1), Puu Oo (F2), 
Maile (F3), and Olinda (F4). M 

Gray Hydromorphic soils (H).—Soils of this group occur near sea 
level in dry to moderately humid regions where temperatures are 
high. Irrigation water is available in most of the areas, and sugarcane 
is the dominant crop. Where irrigation water is not available, the 
land is grazed, or in the vicinity of Honolulu, used for urban develop- 
ment and small gardens. Some of the wettest areas are not cropped 
because they are poorly drained. The families in this great soil group 
are the Honouliuli (H1), IKalihi (H2), and Kaloko (H3). 
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Paddy soils.—Soils of this group are used for wetland culture of 
either taro or rice. They occur mainly on alluvial materials at low 
elevations. Their use is conditioned largely by availability of water 
for flooding and by land tenure. One family is in this group—the 
Hauula paddy soils (P). 


Bog soils (Bg).—These soils are extremely wet. The group is divid- 
ed into two families, the Alakai peat (Bgl), and Lowland peat and muck 
(Bg2). Alakai peat oceurs on high mountains and is extremely valu- 
able as a reservoir for storing the water needed to irrigate the dry lands 
at low elevations. The Lowland peat and muck is used mainly for 
production of forage, but partly for wetland culture. 


Dark magnesium clays.—These soils have very poor physical 
properties, but are nevertheless used to moderate extent for sugarcane. 
They occur at low elevations where rainfall is low and the amount of 
sunlight is great. The greater part of the area is grazed, but cane is 
predominant where irrigation water is available. This great soil 
group is represented by one family—the Lualualei (M). 


Solonchak and Solonetz soils.—Soils of these two groups are 
relatively unimportant because of small extent. Only one small arca 
of Solonetz—K ulani family-—oceurs, and it is not shown on the Gener- 
alized Soil Map. This area is near South Point on the island of Hawaii 
and is used for grazing. ‘The areas of Solonchak (S) support only 
salt-tolerant plants and have little value for grazing. 


Alluvial soils (V).—Use of soils in this group is conditioned prin- 
cipally by location, size of the areas, and land tenure. The group is 
represented by two families, the Kawaihapai and the Hanalei. 

Kawaihapai family (V1).—Soils of this family that are loams or 
heavier in texture are used for sugarcano wherever irrigation water is 
available and the areas are extensive or are associated with extensive 
areas of other land that can be cultivated. The coarse-textured soils 
are mainly grazed. In small valleys soils of this family are either 
grazed or used for subsistence crops. 

The soils of the Kawahapai family are highly productive and have 
excellent physical properties. In stone-free arcas that can be irrigated, 
other crops cannot compete with sugarcane. 

Hanalei family (V2) —-These soils occur in wetter regions than those 
of the Kawahapai family and generally occupy less extensive areas. 
Vegetable production and grazing compete on these soils in most 
places, but on the Uaoa serics, which occurs in association with 
Humic Ferruginous Latosols, pineapple production is most important. 


Regosols (R).—The generally poor soils of this group are represented 
by two families, the Haleakala (R1) and the Manu (R2). The soils 
occur most commonly at high clevations, though the Catano and 
Kalapana series, in the Haleakala family, occur near sea level. Grazing 
is the dominant use. 

Algaroba produces moderate amounts of forage on the soils of the 
Catano and Kalapana series. ‘The other serics in the Haleakala family 
produce very little forage. 

The Manu family occurs in wetter regions than the Haleakala. In 
the regions it occupies the forests meet the grazing lands. A limited 
amount of vegetable growing is done in the forest areas. 
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Lithosols (L).—In this group are stony, eroded, shallow, or steep 
soils or land types generally unsuited to the use of machinery. In the 
dry regions they may be grazed with associated areas of better land, 
but in the wetter regions they are forested. The plant cover is nor- 
mally poor in the dry regions and provides little forage. In the wet 
regions the cover of vegetation is continuous but generally less dense 
than on the associated deep soils. 


Other miscellaneous land types.—Marsh and Made land are two 
miscellaneous land types not classified into great soil groups. The 
Marsh is generally idle or produces coarse forage. The Made land is 
used largely for urban development, though it has been converted for 
growing sugarcane in a few places. 


PRODUCTION OF sugarcane is a highly specialized industry. 
The author of this section describes the industry in Hawaii, 
discusses the cultural practices used, and gives estimates of 
yields on the important groups of soils used for cane. 


CLASSIFICATION OF HAWAHAN SOILS FOR SUGARCANE 
AND CULTURAL PRACTICES OF THE INDUSTRY 


By A. S. AYRES, Senior Agronomist, Hawaiian Sugar Planters’ Association Experiment Station 


UGARCANE was well established in Hawaii at the time Capt. 

Cook discovered the islands in 1778. Presumably it had been 
introduced by the ancient Hawaiians from islands of the South Seas. 
The first recorded commercial attempt to produce sugar from sugar- 
cane in Hawaii dates back to 1802, when a Chinese set up on the 
island of Lanai a stone mill and boiler brought from China on a vessel 
engaged in the sandalwood trade. Some years later, in 1825, the 
first plantation, consisting of 100 acres of land, was started in 
Manoa valley on the island of Oahu. This effort to produce sugar 
soon failed, as did other early attempts. The first of the present-day 
plantations was started in 1835 at Koloa on the island of Kauai. 

Although the California gold rush in 1849 and the Civil War in 1861 
stimulated the demand for Hawaiinn sugar, real progress dates from 
the signing of the Treaty of Reciprocity between the Kingdom of 
Hawaii and the United States in 1875. This treaty giving Hawaiian 
sugar free entry into the United States initiated a march of progress 
that led to a yield of slightly more than 1,000,000 short tons of 96° 
raw sugar in 1930. The quota imposed in 1934 and the difficult 
years of World War II have combined to keep the annual yield 
substantially below the million ton| mark. Production for the most 
recently completed harvest (1947) was 872,187 tons. 

The sugar plantations are located on the four largest islands of the 
Hawaiian group; namely, Hawaii, Maui, Oahu, and Kauai. They 
occupy areas ranging in clevation from sea level to nearly 3,000 feet. 
The land area in cane is essentially a function of the quota, the price 
of sugar, the supply and cost of labor, and degree of mechanization. 
In 1947, the area in cane amounted to 211,624 acres—-a decrease of 
23% percent from the maximum of 276,813 acres during the 
period 1917-30. 

The 28 plantations comprising the local sugar industry support the 
Hawaiian Sugar Planters’ Association, the main offices of which are 
in Honolulu. Also located in this city is the large and well-staffed 
experiment station of the association, which deals exclusively with 
problems pertaining to the sugar plantations. Substations are 
maintained on each of the sugar-producing islands. On the island of 
Molokai, where sugar is not grown as a crop, there is à sugarcane 
quarantine station where cane varieties imported for breeding purposes 
are placed. If these imported varieties do not develop diseases not 
present in the Hawaiian Islands, they may be used in the extensive 
breeding program of the station. 
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METHODS OF CULTURE 


Seedbed preparation.— Harvesting of a field of sugarcane in Hawaii 

is not necessarily followed by the preparation of the soil for the 
planting of a new crop. If permitted to do so, the stubble sends up a 
host of new shoots that will produce what is termed a “ratoon crop” 
(pl. 13). The stubble of the first ratoon crop, in turn, gives rise to a 
second ratoon, and so on. Because of this tillering characteristic of 
the cane plant, fields need be planted on the average of only once in 
about 6 to 10 years. More frequent planting may be done, however, 
for the purposes of introducing new varieties; altering the irrigation 
layout; relieving undue compaction of the soil or remedying stool 
damage caused by use of heavy harvesting machinery under unfavor- 
able weather and soil conditions; or increasing yields when they have 
deteriorated to the point where replanting is warranted. 
' The vigorous growth characteristics of the cane plant render 
unnecessary the more thorough seedbed preparation accorded most 
erops. Although field practices vary with the nature of the soil and 
the climatic conditions, the basic operations involved usually consist 
of one or two plowings, or subsoilings, followed by one or two harrow- 
ings. Preparation of the field is then completed by the opening of a 
furrow to receive the seed. The moldboard opening the furrow is 
frequently a part of the planting machine, where such a machine 
is used. 

Deep subsoiling, to a full 2 feet, is practiced on most of the irrigated 
plantations, whereas in unirrig gated areas the subsoiler is generally 
replaced by the disk plow, w hich reaches depths ranging from perhaps 
8 to 18 inches. Often a “rooter” is employed ahead of the disk plow 
to partially dismember the well-established stools of the preceding 
crop, or a disk harrow precedes the subsoiler (or plow) to aid in 
breaking up the old stools. 


Crop rotation and fallowing.—These practices are followed but little 
by the Hawaiian sugar industry. Near-marginal arcas of unirrigated 
cane land occasionally are pu into pasture for a period, and a few 
hundred acres of pineapple and cane are rotated at irregular intervals, 
apparently with benefit to both crops (pl. 14). 


Planting.—Sugarcane is propagated vegetatively; the true seed is 
used only for developing new varieties. Planting material is therefore 
not truly seed, as it is usually called, but sections or cuttings of the 
canestalk, preferably young stalks or the upper parts of mature stalks. 
The seed pieces contain two or more—often three—buds or eyes 

capable of germination. They are laid horizontally and end to end 
or overlapping i in the furrow, frequently with a band of fertilizer, and 
are covered with 2 or 3 inches of soil (pl. 15). Where low soil tempera- 
tures and excessive soil moisture cause slow germination, it has been 
found advisable to treat the cut ends of the seed pieces with a fungicide 
prior to planting. Otherwise, the seed-piece may decay before ger- 
mination is complete. 

Sugarcane is generally planted in parallel rows 5 feet apart, but 
rows may be somewhat closer in regions of low sunlight intensity. 
On. the steeper slopes of the wetter unirrigated areas, the rows may 
follow the contour as a precaution against erosion. Contour planting, 
in order to facilitate irrigation, is the rule on the irrigated plantations. 
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Tn the drier irrigated areas, planting is usually done by machine. 
Opening of the furrow, laying of the seed-piece, fertilizing, and covering 
of the seed are often accomplished by a single operation. In the more 
humid areas less well suited to the use of machines, all of these opera- 
tions except furrowing may be carried out by hand. Between these 
two extremes are to be found many semimechanical planting 
techniques. 


Cultivation.—The principal cultivation operations, aside from those 
involved in seedbed preparation, are associated with the starting of the 
ratoon crop. If the cane is to be ratooned, a subsoiler is frequently 
sent into the field soon after the preceding crop has been harvested. 
The blades of the subsoiler reach to a depth of about 2 feet and thus 
open up the subsoil to some degree. The effectiveness of this operation 
naturally depends upon the nature of the subsoil and its moisture 
content at the time of subsoiling. This operation is generally re- 
stricted to the irrigated plantations. Another operation, usually 
performed at this time on irrigated plantations, consists of reshaping 
the irrigation furrows damaged at harvest. A small amount of ma- 
chine cultivation is carried on in the weiter areas for the purpose of 
weed control. 

Control of weeds, insects, and diseases.-—Noxious weeds, especially 
a number of species of resistant grasses, are a scrious problem on 
Hawaiian sugar plantations (pl. 16). The problem is aggravated by 
the suitable growing conditions that prevail the year round and by 
numerous waste areas which produce weed seeds that tend to con- 
taminate the fields. Weed sceds may also be distributed in the irriga- 
tion water. 

Weeds have been controlled for many years on the sugar plantations 
almost entirely by the use of herbicides. These are applied by hand, 
machine, or airplane. Every effort is made to “close in" the cane at as 
early a stage as possible, thereby cutting off the light necessary to the 
further growth of the weeds. Once the cane has closed in, weeds are no 
longer a problem, except for certain climbing species, until the succeed- 
ing crop is started. Along field borders, field roads, irrigation ditches, 
and so on, weeds are continually troublesome. 

The insects that attack sugarcane are controlled exclusively and 
successfully by biological means. To this end, appropriate parasites 
have been introduced by the industry’s entomologists from many parts 
of the world. A cooperative quarantine is maintained against 
further introduction of insects that might prove harmful to the econ- 
omy of the Hawaiian Islands. 

Sugarcane diseases of a pathological nature have been eradicated 
by the rather drastic expedient of eliminating the susceptible varieties. 
Continuous effort is directed toward development of new varieties 
resistant to the more threatening of the sugarcane diseases. Constant 
watch is kept on the plantations for outbreak of discase, and a close 
quarantine is maintained on canes introduced into the Islands for 
breeding purposes. 

Nutritional diseases are rare. Manganese deficiency, which has 
occurred in a few areas, has been corrected by adding either manganese 
salts or elemental sulfur to the soil. Iron chlorosis occurs in a few 
small areas where the soil has been derived mainly from reef rock 
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(coral sand), which is chiefly calcium carbonate. The pH of these 
soils may exceed 8.0. The condition is temporarily corrected by 
spraying with a solution of ferrous sulfate. 


Fertilization — The fertilizers used are almost entirely commercial 
carriers of nitrogen, phosphorus, and potassium. Some mill waste, 
in the form of filter cake, and some mul water find their way to the 
fields. Waste molasses was formerly applied to the soils in consider- 
able quantities as a source of potassium. 

The rates of application of nitrogen, phosphorus, and potassium are 
variously determined by chemical analysis of the soil for available 
nutrients, by Mitscherlich pot tests, by replicated field experiments, 
and recently by the Clements’ crop log, which involves periodic analy- 
sis of the plant itself. Applications are currently as follows: 


Pounds per 
acre : 

Element: per crop 
hi no 24 ————————— —— 125—260 
Phosphorus: Ps. cer a eo eadein due uum 0-200 
Potassiuni (KU) "-—-—-————————— 0-350 


On new land, or on eroded spots where the subsoil is near the surface, 
larger applications of phosphate may be made initially. 

Fertilizer is variously applied with the seed at time of planting, on 
the surface in the vicinity of the cane row, broadcast by airplane, or, 
except for phosphorus, in the irrigation water where this is used. 
Applications with the seed or on the surface near the cane rows are 
made either by hand or by machine. After the cane is well closed in, 
virtually the only methods of applying fertilizer are through the 
medium of the irrigation water or from the air. In the phosphate 
fertilization of ratoon cane, an effort is often made to place the ferti- 
lizer below the soil surface where 1t will be more readily accessible to 
the cane roots. 

Fertilizer practices vary with respect to amount, time, and number 
of applications. This is a natural consequence of the wide variation 
which exists among the different plantations with respect to soil 
properties and climatic conditions. Ordinarily, phosphorus for the 
entire crop is added in a single application at planting or ratooning, or 
enough phosphorus for several crops may be applied at time of plant- 
ing. Potassium may be applied as (1) a single increment at planting 
or soon after, or (2) where there is danger of loss by leaching, in several 
applications usually made within the first 6 or 8 months, or (3) added 
according to the need as indicated by plant analysis or appearance of 
the crop. The entire nitrogen application may also be made as a unit 
when the cane is very young, but ordinarily it is divided into several 
applications, frequently on the basis of the crop log. On the irrigated 
plantations the latest application often reaches the field through the 
medium of the irrigation water not later than 10 to 12 months before 
harvesting. 

Liming is not practiced, even on those soils that are very acid and 
contain very small amounts of exchangeable caleium or other bases. 
This departure from temperate-zone practice is apparently made pos- 
sible by the tolerance of the cane plant for acid conditions, its compara- 
tively low requirements for calcium, and the predominately kaolinitic 
and oxidic nature of the soil clays in those areas where response to 
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The new crop of cane grows up from old crowns and roots left in the ground at 
harvest; several crops may be produced this way before replanting is neces 
A, Reshaping the rows and irrigation channels after mechanical havesting. 
B, Fertilizing the ratoon erop. 
(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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The two main crops of Hawaii. 

A, Contoured fields of pineapple in foreground, and preharvest burning of sugar- 
eane in background. Both crops are on Low Humic Latosols. 

B Machine laying of mulch paper for pineapple crop to be planted on a Low 
Humic Latosol and grown without irrigation. The muleh paper conserves 
moisture for plants that will be set in double rows in holes punehed through it. 

(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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Planting and fertilizing cane. 

A, Cane is reproduced vegetatively by planting pieces of the stalk. 

B, Machine designed to drop “seed” pieces in rows, fertilize, and cover simul- 
taneously. 

C, Hand planting of cane is now done only where stoniness or unfavorable topog- 
raphy prohibit use of machinery. Many hand-cultivated areas have been 
abandoned. 

(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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Weed control is a major problem in growing cane. 
A, Some kinds of weeds still require the hoe. Men are replacing women in the 
fields, 
B, Chemical sprays from this machine do the work of many men in controlling 
weeds. 
(Photos by eourtesy of the Hawaii Sugar Planters’ Association.) 
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Mechanical harvesting of cane is replacing hand labor. 
A, The fields are burned over just before harvest. 
B, A pushrake mounted on a tractor breaks the stalks at the ground and shoves 
them into piles, 
C, These machines load the eane for the trip to the mill; they work best in dry areas 
on gently sloping or level soils. 
(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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TR $ f So en aes Sees 


Scientific techniques contribute to efficient cane production. 
A, New varieties of cane are bred and tested for adaptation to environments and 
to modern methods of production, 
B, Varieties of cane and cultural practices are tested in field experiments. 
(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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Irrigation makes cane growing possible on Low Humie Latosols and associate 
Gray Hydromorphie soils. 
A, Preparation for laying of concrete irrigation flumes. 
B, Laterals carry water to the fields from permanent main ditches. 
(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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Methods of moving cane to the mill. 

A, On the Hydrol Humic Latosols, where water is plentiful, cane may be flamed to 
the mill. This method, now used less than formerly, is desirable from the soil 
standpoint beeause it keeps heavy machinery out of the wet spongy ficlds. 

B, The railroad, once the major means of transportation, is fast disappearing. 

C, Trucks are the dominant means of transportation in many areas. Increasing 
use of such heavy machinery has not affected soil conditions so much as feared, 
but is still a cause for concern. 

(Photos by courtesy of the Hawaii Sugar Planters’ Association.) 
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lime might be expected. The calcium contained in phosphate carriers 
doubtless meets, in part, the requirements of the crop for this element. 


Harvesting.—Sugarcane is commonly harvested at ages varying 
from 14 to124 months. In a few instances involving the Olinda and 
Kealakekua soil families, unusual conditions permit crops to continue 
to the age of 3 or even 4 years with satisfactory results. The variety 
of cane grown may influence the age at harvest, and some varieties are 
better adapted than others to “short cropping.” 

By harvesttime, particularly in the case of the older crops, great 
quantities of dead leaves that seriously interfere with harvesting have 
accumulated. It is customary to set fire to the fields immediately 
before harvest. "The fire burns most of the trash, and little sugar is 
lost because the flames pass through the cane very quickly. In the 
more humid areas where this “opala”? (or trash) is usually damp, 
elimination by burning is often far from complete. 

Tlarvesting methods are extremely varied and currently are in a 
transitional stage from hand techniques to partial or complete mecha- 
nization. In some areas where soil, climate, and relief are favorable, 
harvesting operations already are completely mechanized (pl. 17). 
In regions of high and frequent rainfall, where soils are seldom dry 
enough to permit the use of heavy harvesting machinery, hand cutting 
is still practiced, frequently in conjunction with mechanical loading. 
The cane is transported from field to mill by trucks, railroads, a com- 
bination of the two, or by flumes and flume-truck combinations (pl.20). 
The cleaning plant frees the cane of foreign matter before it is carried 
to the crusher. 


Varieties.—The commercially important cane varieties grown in 
Hawaii have been developed at the experiment station of the Hawaiian 
Sugar Planters’ Association (pl. 18). These have been selected from 
the 100,000 or more new seedlings produced annually in the endless 
search for more efficient sugar-producing canes. At present, three 
varieties account for about 90 percent of the total area in sugarcane. 
New and improved varieties have substantially influenced the present 
levels of sugar production in Hawaii. 


Irrigation.—Roughly 60 percent of Hawaii’s cane acreage is irri- 
ated. Hundreds of miles of canals, ditches, flumes, and “siphons” 
ring vast quantities of water daily from the wetter parts of the 

Islands to the drier areas where the large irrigated plantations are 
situated (pl. 19). In addition to the supply of mountain or surface 
water thus brought to the fields, hundreds of millions of gallons of 
water are pumped daily from artesian basins. One Oahu plantation, 
irrigating some 9,600 acres of cane land, uses somewhat over 
200,000,000 gallons of water daily. 


Sugar mills.—With a single exception, each of the plantations has 
its own mill to which the cane is hauled for processing into raw sugar. 
Sufficient white granulated sugar is produced in the Islands to meet 
local needs, including those of the numerous pineapple canneries. 
The bulk of the raw sugar is shipped to San Francisco for refining and 
ultimate sale. A relatively small amount is released to refiners on the 
East Coast. 
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PRODUCTIVITY OF HAWAIIAN SOILS FOR SUGARCANE 


Many factors combine to render difficult any attempt to classify 
the sugarcane soils of Hawaii on the basis of their productivity. 
Principal among these factors are differences in cultural practices and 
in varieties; extreme variations in climate, especially in rainfall and 
amount of sunlight; the quantities of water available for irrigation; 
lack of comparability of yields from plant and ratoon crops, from crops 
started in different months, or from crops harvested at different 
seasons and at different ages. It is believed, however, that the 
influence of these variables has been minimized in the classification 
to be presented in this section. This has been done by basing the 
comparisons on the yields of the past five crops; that is, on the per- 
formance of the soils during the past 8 to 10 years. 

The category taken as the basis for classifying sugarcane soils is the 
family. Where the area occupied by a given soil family on a par- 
ticular plantation is relatively small, yield data were obtained from a 
single field, on the average a field about 100 acres in size. The number 
of such fields chosen inereased with the size of the area, often as many 
as five such fields were selected. Data for the fields were then aver- 
aged, which gave an average value for the soil family on the particular 
plantation. Where a soil family occurs on more than one plantation, 
as is frequently the case, corresponding data were averaged in order 
to obtain a measure of the productivity of that family as a whole. 

Considerable divergence in values was sometimes found for a given 
soil family on different plantations. This can be attributed pass to 
the fact that a particular soil family may lie at a lower elevation on 
one plantation than on another and consequently be favored by more 
sunlight and higher temperatures. Other factors influencing yields 
that may account for some of the observed differences have already 
been mentioned. 

Sugarcane yield data may be expressed in a number of ways. 
Common modes of expression are in terms of tons of cane or tons of 
sugar per acre per crop. A comparison on this basis is acceptable as 
long as the ages of the crops being compared do not differ appreciably. 
With the wide variation in crop ages found in Hawaii, however, such 
a comparison loses much of its usefulness. A more logical basis for 
comparison—one in which the time element is equalized—is therefore 
often used. It expresses yields in terms of the quantity of sugar or 
of cane produced per acre per month. 

In table 37 are shown the productivity ratings of the 29 soil families, 
and their subdivisions, for which yield data were obtained. Tons of 
sugar produced per acre per month is used as the principal basis for 
comparison. Associated data on tons of sugar per acre per crop, tons 
of cane per acre per month, and tons of cane per acre per crop, are 
included. The number of tons of cane required to produce a ton of 
sugar (the so-called quality ratio), the age of the crop, the number of 
plantations from which data for a particular soil family were obtained, 
together with the status of the soil with respect to irrigation, are also 
indicated. The soil families are arranged in order of decreasing 
productivity. 
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Iu considering the productivity ratings of the various soil families, 
certain points should be kept in mind: 

(a) The soil and associated climate are considered together as a 
single ecological unit. 

(b) Only those soil families actually planted to cane are listed. 
Other soil families doubtless could be made to produce satisfactory 
crops of cane, but for various reasons—often a lack of sufficient water— 
are currently, at least, not suited as plantation land. It is safe to 
say that, under conditions prevailing at the time of writing (1948), 
practically all of the soils economically adapted to sugarcane, if not 
in pineapple, are already planted to cane. 

(c) Some soil families, as for example the Akaka and Honolua, are 
adapted to sugarcane at their lower elevations but wholly unsuited 
at the higher. 

(d) Certain soils, notably those of the Pubi and Kahana families, 
are intermediate between the strietly unirrigated and irrigated groups. 
Such soils are classified in the table according to the dominant prac- 
tice. If irrigation dominates they are grouped with the irrigated 
soils; otherwise with the nonirrigated. 

(e) The manner in which unirrigated soils will compare in produc- 
tivity for any one crop depends upon whether the growing period was 
relatively wet or dry. Thus, in a wet cycle, soils normally inferior in 
productivity because they lack moisture may well outyield soils that 
are the most productive in normal or in dry cycles. 

It is apparent from table 37 that irrigated soils are generally far 
more productive of sugar than those unirrigated. This results pre- 
dominantly because the irrigated soils occupy the dry to moderately 
humid areas where sunshine and temperatures are maximum and re- 
ceive ample water through irrigation. The irrigated soils excel also 
in producing cane of higher sugar content (sce column headed tons 
cane per ton sugar in tablo 37). 

The irrigated soils range widely in productivity—-from 0.50 tons 
sugar per acre-month (TS/AM) for the best soils to 0.27 for the poorest. 
It is difficult to state which of the better soils are the most productive, 
since a number of families contend for first place. Among these are 
the normal! soils of the Molokai (N1), Wahiawa (N3), and Waialua 
(N6) families in the Low Humic Latosol group, and the normal soils 
of the Honouliuli (H1) family in the Gray Hydromorphic group. 
The least productive of the irrigated soils include the normal soils of 
Kohala (N5) family in the Low Humic Latosol group, the normal 
soils of Puhi (T4) family in the Humic Ferruginous Latosol group, and 
shallow, stony, and eroded soils of a number of soil families and 
groups. 

The productivity of the unirrigated soils ranges from 0.32 to 0.20 
in terms of tons sugar per acre-month. Taken as a whole, the normal 
soils of the Kealakekua family in the Hydrol Humic Latosols group, 
of the Pahala family in the Reddish Prairie soils group, and of the 
Olinda family in the Latosolic Brown Forest soils group appear to be 
the most productive of the unirrigated soils. Those parts of several 
other families located at lower elevations are equally productive. 

1 Within the limitations indicated in the table 17, titled Ney, Classification, 
Modal Profile and Environment for Soil Families, normal soils are those of the 
family that are deep, stone-free, and uneroded or only moderately eroded. 


TABLE 37.—Produetivity of Hawaiian soils for sugarcane 
1 i i i | 
Symbol; Tons Tons | Tons | Tons Tons Number, 
, P E n gen- 3 Ti ar pei ne per: e 
Great soil group Soil family palin eo ae Bar| one cane per dr dd en Ei plan: Source of water 
soil map| month crop month sugar | 
—— pas a 
Low Humic Latosols........ Molokai, normal- ----------- | N1 |050 112 41] 93, 8&4) 22.3 7 | Irrigated. 
Gray Hydromorphic soils. ...| Honouliuli, normal.........- | Hl .49/ 109] 3.8 86 7.9 | 22.6 3 Do. 
Low Humic Latosols.......- Wahiawa, normal...--------- N3 .47|1L.4| 3.9 80; 7.9 | 23.2 2 Do. 
Cdn dee ewe ...] Waialua, normal. ----------- N6 .47 | 10.4 3.9 85 8.3 | 21.9 2 Do. 
Regosols___--------- _.-| Haleakala, undifferentiated...| R1 47) ILI 38; 91 82) 23.7 1 Do. 
Dark Magnesium Clays Lualualei, "undifferentiated....| M .46 | 10.2 | 40 87 | 86) 22.0 3 Do. 
Low Humic Latosols......-. Molokai, very shallow over | NIV .45 | 10.9 3.3 | 81 7.4 | 24.5 1 Do. 
lava. | 
Humic Ferruginous Latosols-| Mahana, normal......-....- TI .45, 10.4] 3.7; 89) 87 | 23.9 2 Do. 
Low Humic Latosols-------- Kahana, normal------------- N4 . A3 9.1 3.9 78; 8&8} 20.8 T Do. 
Do aaea E Kahana, shallow and stony...| N48 .43 83) 3.7 rel 8.6 | 19.6 I Do. 
Dosen iS aero Kohala, eroded___..--------- N5E | .42) 82| 3.5 68 | 83 | 19.7 1 Do. 
Humic Ferruginous Latosols- Manana, normal... T5 . 42 990) 3.6 73| 8&7) 21.5 1 Do. 
Alluvial soils Kawaihapai, normal- -------- Vil 41 8.8 3.9 82 9.5 | 21.3 | 8 Do. 
COMMON PEE Kawaihapai, stony-......-.-.| V15 .41 7.8 3.4 64 85 | 19.2 | 2 Do. 
Low Hume Latosols_ ..| Molokai, shallow and stony-.., NIS | .40| 89; 3.3 69| 7.8, 22.2 1 Do. 
bordctse c a d. -.| Lahaina, normal............., N2 | .40| &4| 34 70| 83! 21.2 8 Do. 
Gray Hy dromorphie soil Kaloko, normal...-........- H3 | .40 8. 5 3. 4 72 | 86) 21.5) 2 Do. 
Low Humic Latosols.......- Kahana, normal, in dissected N4D | .39 9.4 8.4 82 8.7 | 23.8 | 1 Do. 
areas, 
Humic Latosols..__..------ Honolua, normal, in dissected | A2D . 39 8.6 2.8 61 7.2 | 22.2 1 Do. 
areas. 
Reddish Brown soils. ------- Waikaloa, shallow and stony..| RBS 38 | 7.7 3.7 74 9.8; 20.3 2 Do. 
Low Humie Latosols........ Lahaina, shallow and stony...| N28 | .37| 86! 27| 64| 7.4 | 23.7 1 Do. 
Gray Hydromorphie soils....; Kalihi, normal........-.-..- H2 .97 8.0 3.4 74 9.5 | 21.3 3 Do. 
Made Gand. ort demnm 9 ML .97| 7.9, 3.4 72| 93) 20.9 1 Do. 
Humic Ferruginous Latosols.| Puhi, eroded__-------------- T4E | .34| 72| 8&7 78 | 10.2 | 21.0 2 Do. 
Hydrol Humic Latosols------ Kealakekua, normal......... K10 .32 | 11.2 | 30 101 9.5 | 349 1 | Unirrigated. 
Reddish Prairie soils- ------- Pahala, normal-------------- C1 .91 7.9 3.3: 84| IL 1| 25.6 1 Do. 
Low Humie Latosols........ Kohala, normal.......- N5 .90 6.1 3.2| 64! 10.1! 20.6 3 | lrrigated. 
Humic Latosols...........- Kaneohe, normal Al . 90 6.2 3.1 62, I10.4121.4 3 | Unirrigated. 
Lithosol&. aae cane mene Rockland, with very thin | L2A 30 8.0 3.3 88 | 110, 27.0 1 Do. 
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The poorest soils are the eroded, shallow, and stony soils of various 


families and groups. 


In productivity, the most productive unirri- 


gated soils somewhat surpass the least productive irrigated soils. 


SUITABILITY CLASSIFICATION FOR SUGARCANE 


Many factors affect the suitability of a soil for production of sugar- 


cane. 


Among these may be listed adequacy of water, sunlight, 


TABLE 38.—Suitability of irrigated Hawaiian soils for sugarcane 


Symbol 
Class and soil family | a Limiting factors 
| soil map | 
—— ae ERAN 
Class I: 
Molokai, normal.._.-_--...--- NI 
Honouliuli, normal... -------- H1 Heavy; difficult to work; water 
penetrates slowly; artificial drain- 
age required in places. 
Wahiawa, normal__..--.-.-.-. N38 
Waialua, normal__..-.-.-....- N6 Plastic; artificial drainage required 
in places. 
Haleakala, undifferentiated ____ R1 Low water-holding capacity. 
Lualualei, undifferentiated..... i M Sticky and plastic; difficult to work; 
artificial drainage required in 
places. 
Mahana, normal............. TI 
Kahana, normal-------------- | N4 
Class II: 
Molokai, very shallow over lava.) N1V Very shallow. 
Kahana, shallow and stony....| N45 Shallow and stony. 
Kohala, eroded_._--_.-.-...-- V5 | Eroded. 
Molokai, very shallow over NiC Very shallow. 
coral. 
Manana, normal- -~----------- | TS 
Kawaihapai, normal.......-.-| Vi Heavy; difficult to work; require 
| artificial drainage in places. 
Kawaihapai, stony....-.- cuu VIS Heavy; difficult to work; require 
artificial drainage in places; stony. 
Molokai, shallow and stony....| N1S Shallow and stony. 
Lahaina, normal....-.-.--._-- N2 
Kaloko, normal...-....---_--- H3 Heavy; difficult to work; high 
water table; drainage required. 
Kahana, normal, in dissected | N4D | Dissected. 
areas. 
Honolua, normal, in dissected | A2D Do. 
areas, 
Class III: 
Waikaloa, shallow and stony...| RBS | Shallow and stony. 
Lahaina, shallow and stony....| N28 0. 
Kalihi, normal- -------------- H2 Heavy; difficult to work; poor 
drainage. 
Made land_.--.-..----------- ML Often shallow. 
Kohala, normal--------------- N5 Relief in some areas. 
Fuhi, normal... .--2222i2o— T4 Sunlight, 
Puhi, eroded__.-----.-------- "4E Sunlight; eroded. 
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TABLE 39.—Suitability of unirrigated Hawaiian soils for sugarcane 


ji Symbol 
Class and soil family Sraid Limiting factors 
soil map 
Class I: 
Kealakekua, normal... ........ K10 Temperature; relief; limited mech- 
anization. 
Pahala, normal._-.-..-------- C1 Rainfall; relief. 
Olinda, normal_....2...------ F4 Temperature; relief; limited mech- 
anization. 
Kaneohe, normal (intermediate Al Rainfall; relicf in some areas. 
elevations). 
Ookala, normal (at low eleva- Ab Sunlight; relief. 
tions). 
Hilo, normal (at low elevations) K6 Do. 
Class II: 
Rockland, with very thin cov- L2A Shallow; rainfall; relief. 


ering of volcanic ash. 
Kohala, normal, in dissected | N5D | Dissected; rainfall. 


areas. 
Naalehu, normal-------------- C3 Rainfall; relief. 
Hauula paddy soils- ---------- P Heavy; difficult to work; require 
drainage. 
Paauhau, normal. MED! Rainfall; relief. 
Kapoho, normal_._.-.-------- | A9 Temperature; relief at high cleva- 
tions. 
Ookala, normal (at high eleva- | A5 Temperature and sunlight; limited 
tions). i mechanization; relief. 
Class III: 
Kaneohe, normal (at high ele- Al Temperature; relief. 
vations). 
Hilo, normal (at high eleva- K6 Temperature and sunlight; limited 
tions). | mechanization; relief. 
Akaka, normal (at high eleva- | K8 Temperature and sunlight; limited 
tions). mechanization; relief; impervious 
subsoil, 
Haiku, normal (at high cleva- T3 Sunlight in some areas, rainfall in 
tions). others; shallow surface soil; im- 
| pervious subsoil. 
Haiku, eroded._.-_--_-.-----.--- | TSE Do. 
Kaneohe, shallow and stony (at Als Rainfall; temperature; shallow and 
high elevations). stony. 
Hilo, very shallow... sut | K6V Temperature and sunlight; shallow; 


stony. 


temperature, relief? drainage, depth, stoniness, contiguity, and 
suitability for mechanization. 

As there scems to be no basis for comparing the suitability of irri- 
gated and unirrigated sugarcane soils, except possibly a fluctuating 
cost-of-production basis, the irrigated and unirrigated soils have been 
classified separately. The two classifications are shown in tables 38 
and 39 for the irrigated and unirrigated soils, respectively, together 


? Relief is far from uniform in some soil families. Hence, a soil may be classified 
as suited to unlimited mechanization and yet contain areas on whieh much 
present-day equipment could not operate satisfactorily. If relatively small, 
the areas not suited to machinery have been ignored in the present classification, 
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with certain factors which limit their productivity and upon which 
the classifications are partly based. 

It is fully realized that there may well be diversity of opinion 
regarding the suitability of a particular soil for sugar production and 
hence of its place in the tables. It is also freely admitted that in 
some borderline cases it has been very difficult to reach a decision as 
to the grouping most nearly correct for a given soil family. It is also 
appreciated that changes in soil management, in cultural practices, 
and in sugarcane varieties may in the future alter the positions of 
some soil families in the tables. The classifications are offered, there- 
fore, as more or less tentative estimates of land suitability based on the 
yield data obtained in the course of this survey and the presence of 
certain factors variously conducive to the production of sugar. 


THE AUTHOR OF this section has described the soil and 
environmental factors in pineapple producing areas and given 
relative productivity ratings for the soil areas used for pine- 
apple. 


PINEAPPLE 


By the late O, C. MAGISTAD, of Libby, McNeill and Libby 


HE PINEAPPLE industry began in Hawaii after the sugar 

industry was well established. In consequence, the jareas"avail- 
able for pineapple were those not suited to sugarcane because they 
were above the irrigation diteh, were on islands where no irrigation 
water was available, or were in small parcels distant from sugarcane 
plantations. 

In evaluating the productivity of soils for pineapple, one must take 
into account the properties of the soils themselves and also such factors 
as moisture supply, elevation or temperature, slope, stoniness, size of 
area, and adaptability to large-scale operations. These factors have 
been considered in preparmg table 40, which shows the relative 
productivity of those Hawaiian soil families used for pineapple. 

Soils of the Molokai and Lahaina families constitute more than 
half the acreage used for pineapple. "They are extremely productive 
in periods of good rainfall, but the average annual rainfall is 15 to 25 
inches for the Molokai family and 20 to 40 inches for the Lahaina. 
Moisture supply therefore is & factor that normally limits growth. 
In fact, one could estimate pineapple production for an area better 
on the basis of rainfall than on soil type; that is, it one had data for a 
considerable period that would allow prediction of rainfall in very 
localareas. Such extremely localized records on rainfall are not now 
available. 

A nonresident of the islands cannot comprehend how extremely 
localized the rainfall patterns are because of mountain configuration. 
Average annual rainfalls often vary to marked extent within a mile or 
two. Some parts of an area mapped as Molokai therefore may be 
submarginal for pineapple, whereas other parts may be economically 
productive. 

The best pineapple lands are on the Wahiawa plain. The soils on 
this plain are mapped as the Wahiawa family. Here rainfall is ade- 
quate and dependable, and yields are consistently good. Occasionally, 
areas of soils of the Molokai, Lahaina, or Kahana families ois ucl 
those of the Wahiawa family, but this is because of better than normal 
weather conditions. 

Rating the soils for pineapple production is complicated by the fact 
that the strain, or seleetion, of plant used is very important. Under 
the best conditions, 35 to 40 tons per acre is obtained from the plant 
crop, and 15 to 30 tons from the ratoon. Exceptional yields of 45 
tons an acre are sometimes obtained from the plant crop. Other 
companies farming the same soil type may get ylelds 30 percent 
lower because they use inferior plants and farming methods. 
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TABLE 40,—Relative productivity of Hawaiian soil families for pineapple 


[A—best produetion; D—poorest; production range indicated by joining symbols, 
for example, B-C-D. Only those families normally used for pineapple are 
listed] 


" Symbol ebd 
" Soil on gen- | Produe- 
Island family | eralized | tivity Remarks 
map 
fMolokai_.| Ni C-D Often too dry; high elevation, 
Lanai_.__|{ Lahaina.. N2 B | Sometimes too wet; high elevation. 
| Waialua N6 B |, Excellent crops in wet cycles. 
Molokai.| NI C-D | Some areas too dry and therefore sub- 
marginal. 
Lahaina.. N2 B-C-D | Some areas between Pukalani Junc- 
Maui tion and Sanitorium too dry; good 
SESS | _ Crops on west end of island. 
Kahana..| N4 B | Good pineapple land. 
'|Kohala_..| N5 B-C | Too wet and cold at times. 
Haiku....| T8 B-C | Some areas mapped T3 far too wet 
| and subject to poor drainage; others 
| near ocean very good. 
Molokai..| Nt C-D Too dry and in some places submar- 
| ginal. 
Molokai..4Lahaina..| N2 B Good pineapple land but usually too 
| ry. 
Naiwa..., T2 B-C Often too wet. 
Molokai__| N1 C-D Some areas too dry to be profitable. 
Lahaina.. N2 i B-C Areas in Kahuku region usually too 
Oahu wet and lack sunshine. 
mean Wahiawa. N3 A-B Arcas around Wahiawa best pine- 
apple lands in the Islands. 
Kahana..| N4 B-C Some areas too high, and cold and 
wet; plants subject to root rots. 
Molokai..| NI C Most areas too dry for good produe- 
tion. 
Kahana- N4 B Very good at low elevations, as near 
Kauat.... Anahola. 
Kohala...| N5 [e In Koloa area tends to be too wet. 
Puhi..... T4 C-D | In many areas too wet, eold. 


Long-term differences in rainfall also affect yields. During the 
1940's rainfall was decidedly less than in the previous decade. In 
some locations and years, the total annual rainfall was less than half 
the average during the 1930’s. The pineapple crops reflected this 
change in rainfall. In the 1930's, on the island of Lanai, soils of the 
Molokai, Lahaina, and Waialua families on the main plateau were 
decidedly better for pineapple than soils of the Lahaina family on the 
bench (Hii Flats to Kaluanui Flats) where rainfall was too high and 
sunshine too low. In contrast, during the 1940’s the Kaluanui Flats 
were most productive because they received approximately the right 
amount of rainfall, whereas soils of Molokai and Waialua families 
did not receive enough. 

Special conditions on the various islands affect pineapple culture. 
The high elevation on the island of Lanai results in a lower tempera- 
ture, but this is compensated by dews, which are often exceedingly 
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heavy during winter. The rainfall gage does not measure dews, but 
pineapple plants derive much benefit from them. 

On the island of Maui some areas of soil in the Molokai family are 
too dry for pineapple, and the same is true for some areas of soil in the 
Lahaina family near Keahua and Pulehu. On Maui, pineapples are 
grown to some extent at elevations reaching 2,500 feet, but growth is 
diminished at the higher elevations because of low average tempera- 
tures. 

In the Haiku section on Maui, there is much wasteland because of 
gullies. Insect pests flourish on the wasteland. Yellow-spot disease 
transmitted by thrips is a problem in this area, particularly when tops 
of the pineapple are planted. In the wetter parts of the area occupied 
by soils of the Haiku family, root rots are prevalent when the land is 
planted to pineapple. In some instances these wetter areas in the 
Haiku section have had rain daily for 60 days. 

On the island of Oahu, fingers of soil belonging to the Kahana family 
and lying next to the Koolau Range have been nearly worthless 
because of root rots in rainy cycles. These same soils are exceptionally 
good producers during dry cycles. 

Deficiencies in plant nutrients affect the growth of pineapple. 
Soils of the Kahana family on the island of Oahu are acid and usually 
deficient in potash. It is believed that moderate applications of 
calcium and magnesium would benefit them, but field tests on this are 
scanty. Soils of the Molokai and Lahaina families in the Kunia area 
are also deficient in potash. Other soils short of potash are those of 
the Puhi family in the Hanalei district on the island of Kauai, where 
pineapples are grown under rainfall approaching 100 inches. Soils of 
this family are also potash-deficient in the Koloa gap area. 

Pineapple soils receive approximately 1 to 1% tons of ammonium 
sulfate an acre each 4-year cycle. These heavy applications of 
ammonium sulfate have made the soils more acid ? than they were 
before cultivation. ‘The more acid soils appear to be preferable 
because they need less of iron sulfate sprays, but it appears that it will 
soon be advisable to apply moderate amounts of lime in some areas. 


1 See table 17, in jacket, for pl values of virgin soils. 


THIS SECTION Describes the principle vegetable crops of the 
islands, explains problems and methods of culture, and men- 
tions soil families particularly well suited to vegetable growing. 


VEGETABLE CROPS 


By W. A. FRAZIER, formerly Head of the Department of Vegetable Crops, University of Hawaii 


VEGETABLES GROWN in Hawaii are marketed fresh; none are 

sent to canneries. Economists estimate that growers in Hawaii 
now produce approximately half of the fresh vegetables consumed in 
the Islands. The rest of the supply is imported from the Mainland. 
This situation has prevailed for many years and may be accounted 
for by several factors, including scarcity of desirable land, lack of 
sufficient irrigation water, production costs that will not allow meet- 
ing Mainland competition, and, for certain crops, unusually serious 
insect and disease problems. 

The various climatic zones of Hawai permit satisfactory growing of 
widely diverse types of vegetables. Warm-season crops such as 
eggplant, watermelon, and sweetpotatoes normally thrive best at 
low elevations where average temperatures are near 70° to 75° F. 
in winter and 75° to 80° in summer. Cool-season crops such as 
cabbage, broccoli, and head lettuce do best at high elevations where 
temperatures average near 60° to 65° in winter and 65° to 70° in 
summer. Nevertheless, temperatures are neither distinctly high nor 
low in any of the agricultural areas, and therefore one commonly sees 
widely different kinds of vegetables growing side by side. For ex- 
ample, lettuce, celery, carrots, and bects may be grown in the same 
area with cowpeas, beans, corn, eggplant, and sweetpotatoes. 


MAJOR VEGETABLE CROPS 


Farmers in Hawaii grow vegetables that offer opportunity for a 
high-acre-vaiue return in preference to potatoes, dry onions, and other 
vegetables that can be shipped from the Mainland and placed on 
local markets at relatively low prices. As classified by economic 
value in 1948, the six leading vegetable crops were tomatoes, water- 
melons, cabbage and other crucifers, eucumbers, green beans, and 
lettuce. Except for cabbage and other erucifers, all of these may be 
regarded as high-value-per-acre crops. Furthermore, they can be 
produced during seasons when they will meet slight competition from 
vegetables imported from the Mainland. 


Green heans.—Bush and pole types of green beans have long been 
among the major Hawaiian vegetables. They are eaten frequently 
by most of the racial groups and are common in home gardens. 
Although irregularities do occur, the market supply is rather steady 
throughout the year. The heavy set of pods common on the Islands 
is likely to be associated with the generally favorable temperatures 
and humidity. 
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The bush varietics most frequently grown are the flat-podded 
Bountiful and Plentiful. The most common pole variety is the 
Lualualei, which is also flat-podded. A rust-resistant variety de- 
veloped by the Hawaii Agricultural Experiment Station, at this 
writing unnamed, has replaced the rust-susceptible Lualualei in some 
places where rust is a major probiem. 

Farmers on the island of Oahu grow well over half of the green 
beans placed on local markets. The bean-growing areas are scattered, 
but the Lualualei valley has been a leader in production of pole beans 
for many years. The relatively heavy soils in this valley seem ex- 
ceptionally weil suited to beans. 

The only distinctiy unsatisfactory performance of green beans is 
that noted on the Low Humic Latosols (Wahiawa family); plants on 
these soils are sometime small and chlorotic. It is known that green 
beans are particularly susceptible to high concentrations of manga- 
nese, but other factors may be involved in producing poor plants on 
these soils. 

Green beans are a fast-maturing crop (45 to 65 days), so satisfactory 
performance requires that relatively high levels of fertility be main- 
tained from the time the seed germinates until the pods are well 
formed, In general, complete fertilizer is applied at planting time and 
is followed by one or two side dressings cf sulfate of ammonia as the 
pods set and approach maturity. 

The major insect enemies of green beans in Hawaii are ahpids, 
leafhoppers, rose beetles, mites, and capsids. Unless the beans are 
well nourished and grow rapidly, the rose beetle may be especially 
destructive. Insecticides can be used to keep all of the bean pests 
under control. Among the bean diseases, bacterial blight, mosaic, 
and rust are most common, The bush varieties now grown are 
resistant to rust. 

Cabbage.—Most of the cabbage consumed in the Territory is 
produced locally. The major areas of production are in the Kula 
district (Reddish Prairie soils) and Olinda district. (Latosolic Brown 
Forest soils) on the island of Maui, and in the Waimea district (Reddish 
Prairie soils) on the island of Hawaii. The crop thrives best in these 
high, cool areas, but small fields may be found on all of the Islands. 
At low elevations cabbage grows best during winter months. 

Cultural practices for cabbage are generally similar to those fol- 
lowed on the Mainland. Seedlings are grown in beds and transplanted 
to the fields in rows 3 or 4 feet apart. The plants are spaced 12 to 18 
inches apart in the row. A compiete fertilizer such .as 5-10-10, 
6-9-5, or 4-12-8 is applied at time of planting or soon after trans- 
planting, and followed by one or two side dressings of ammonium 
sulfate as the plants begin to form heads. Most of the cabbage 
produced at high elevations is grown without irrigation; consequently, 
summer droughts occasionally reduce head sizes and yields seriously. 
The most commonly grown varieties are Copenhagen Market and 
Marion Market, but some Golden Acre also is planted. 

If properly fertilized, cabbage grows well on a wide variety of soil 
types. Excellent crops have been grown on soils of the Waimea family 
(C2) on the islands of Maui and Hawaii, on soils of the Olinda (F4), 
Maile (F3), Haiku (T3), Kawaihapai (VI), Hanalei (V2), Lualualei 
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(M) families, and on various soils in the Gray Hydromorphie group 
(H). Yield has declined in some fields in the Kula district on the 
island of Maui, but, in part at least, this can be attributed to erosion 
and lack of proper crop rotation. 

The major insect pests are aphids, cabbage worms, and cabbage 
webworms; which can be controlled by proper use of insecticides. The 
common cabbage diseases are blackleg, blackrot, and downy mildew. 
Yellows has appeared in recent years. At the time of writing (1940), 
however, cabbage diseases generally have not been a factor limiting 
production. 

Other crucifers.—Several crucifers other than cabbage are commonly 
grown on the Islands. Broccoli, pak choy (white mustard), kai choy 
(green mustard), cauliflower, daikon (winter radish) and Chinese 
cabbage are grown in all areas on the Islands. 

Broccoli, like cabbage, thrives best during the cool season. Even 
so, it is often grown relatively well in summer at low elevations. 
Cauliflower of the cool-season type, such as Snowball, is grown at high 
elevations. The warm-season Indian cauliflowers, Patna and Benares, 
are grown at low elevations. Distinctly late types of cauliflower or 
broccoli grow best at high elevations during the coolest time of the 
year. 

Chinese cabbage of the Wong Bok (short head) type is more popular 
than the Chihili (tall head) type. Bacterial soft rot is one of the most 
important problems in production of Chinese cabbage. This disease is 
often extremely destructive as the crop approaches maturity; it is 
particularly damaging during wet weather. 

White and green mustards are perhaps the best adapted of all the 
leafy erucifers for year-round production throughout the Islands. 
They are fast-maturing greens that produce a crop in 40 to 55 days. 
White rust, a fungus disease, is common on these mustards. Tt may 
detract from their market appearance but is seldom extremely destruc- 
tive and does not render the leaves unfit for consumption. ^ Mosaic— 
a virus disease—is also prevalent in mustard plantings. 

Cultural practices vary according to the crop. Those for broccoli 
and cauliflower are rather similar to those for cabbage. Chinese 
cabbage is sometimes planted in the fields rather than transplanted to 
them, and mustards are commonly grown without transplanting. The 
various crucifers seem to thrive on a wide variety of soils. As most of 
them are leafy crops, liberal applications of nitrogen are necded 
following the initial application of a complete fertilizer. 


Carrots.—This crop is produced mainly on the islands of Maui and 
Hawaii at high elevations where the cooler temperatures permit 
growing a satisfactory market product, Nevertheless, it has been 
difficult to match the long, smooth, highly colored imported carrots. 
At low elevations in particular, roots tend to be poorly colored and 
short. It is known that poor aeration of the soil, unsatisfactory 
drainage, or improper placement of fertilizer injures the growing point 
of the roots, but it must be assumed that the lack of quality is caused 
primarily by temperatures above optimum. The taste of carrots 
grown at low elevations is satisfactory, however, and this popular and 
nutritious vegetable is found in most home gardens. 
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Cucumbers.—Liberal supplies of cucumbers would no doubt be 
found on Island markets if it were not for losses caused by the melon 
fly. At times, fields must be entirely abandoned because of this 
insect. The island of Hawaii leads in cucumber production; moderate 
acreages are planted on the islands of Oahu, Maui, and Kauai. 
Although the crop is well adapted to low elevations, it is commonly 
grown at medium to high elevations where, on the average, the melon 
fly causes less serious damage. 

The crop matures rapidly and is generally most satisfactory in 
areas that have been free of melon-fly-susceptible crops for several 
months. The varieties most commonly grown are Long Green, 
Marketer, Straight Eight, and A & C. For the Islands as a whole, 
production is relatively steady throughout the year, though supplies 
PE to be lowest in winter. The crop thrives on a wide variety of 
soils. 


Lettuce.—The kinds of lettuce widely grown on the Islands are (1) 
the leafy or semi-head types such as Mignonette or Green Mignonette 
(Manoa) at low elevations, and (2) the iceberg (Great Lakes) heading 
types at high elevations. Much of the large-head lettuce, principally 
of the Great Lakes variety, is now grown on soils of the Waimea 
family in the Waimea area on the island of Hawaii. Because of high 
temperatures, lettuce of the Mignonette, rather than heading type, 
must be grown at low elevations. Heavy soils of the Lualualei 
(M) and Kawaihapai (V1) families and of families in the Gray Hydro- 
morphie group are excellent for lettuce when liberally supplied with. 
nitrogen, phosphorus, and potash. 

At low elevations, tip burn, a physiological disease, is prevalent 
during warm, humid weather. Bottom rot and bacterial rot are 
common at high elevations. Caterpillars, leafhoppers, and thrips are 
the most common insects on lettuce. 

Well over half of the lettuce is grown in the Waimea area on the 
island of Hawaii and is largely of the iceberg type. Most of the rest is 
of the Manoa type and is grown on the island of Oahu. 


Tomatoes.—In recent years tomatoes normally have been the lead- 
ing vegetable crop. "The entire crop is marketed fresh, and the return 
must be high if farmers are to meet high costs for land, irrigation 
water, insecticides, fungicides, and other cultural needs. 

Appreciable acreages of tomatoes are grown on Oahu, Maui, 
Hawaii and Kauai. The islands of Oahu and Maui lead in produc- 
tion. On the islands of Oahu and Kauai, the acreage is planted to 
determinate varieties of the Pearl Harbor type, which have been 
developed by the Hawaii Agricultural Experiment Station and at this 
writing are yet unnamed. These varieties are resistant to spotted 
wilt, a virus disease transmitted by thrips; to fusarium wilt, a soil- 
borne fungus disease; and to gray leafspot, an airborne fungus disease. 
At high elevations on the islands of Maui and Hawaii, where tempera- 
tures are low enough to permit a good set. of fruit on types of plants 
with large vigorous vines, Rutgers, Pritchard, and other Mainland 
varieties are more commonly grown. On the island of Maui, there is 
a trend toward summertime use of the most vigorous spotted-wilt 
resistant varietics developed by the Experiment Station. 
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Tomatoes are not exacting insofar as soils are concerned, and 
production is rather widely scattered, particularly on the island of 
Oahu. On this island, tomatoes grow well on soils of the Lualualei 
(M), Molokai (N1), Lahaina (N2), and Waialua (N6) families, as well 
as the families in the Gray Hydromorphic group. The deep friable 
soils of the Lahaina family on Oahu are excellent for tomatoes. On 
the island of Kauai, tomatoes are grown on soils of the Haiku (T3), 
Kahana (N4), and Hanalei (V2) families. On the island of Hawaii 
a major center of production is in the Kona district, where the crop is 
grown on soils of the Kapoho family (A9). Smaller acreages are 
grown on several other areas on the island. 

The soils used for tomatoes generally need moderate to heavy 
applications of fertilizer if they are to yield heavily. Nitrogen and 
phosphorus are universally required for tomatoes, but the need for 
potassium is not clearly established. Potassium most commonly 
limits growth on the heavy soils of the Dark Magnesium Clays and 
Gray Hydromorphie groups. For the soils requiring no potassium, 
applications of 11-48 ammonium phosphate at planting time and 
later application of nitrogen side dressings have given excellent results. 
Where potassium may be needed, 4-12-8, 5- 10- 10, and other com- 
plete fertilizers are applied at transplanting time. Spot applications 
of complete fertilizer a few inches to the side of the transplanted 
seedling and at a depth of 3 to 6 inches is common practice. 

Irrigation is necessary for satisfactory tomato production in most 
arcas. In the Kona district, however, farmers depend primarily upon 
rainfall. 

Insects and diseases take heavy toll of Island-grown tomatoes. 
The melon fly has been destroying an appreciable percentage of the 
crop, and so far efforts at control have not been satisfactory. Control 
is particularly ineffective in areas where many farmers have attempted 
to grow tomatoes the year round and have been careless in general 
sanitation practices. Corn earworms, aphids, mites, thrips, and other 
insects that commonly attack tomatoes on the Mainland are present 
in Hawaii also, but are far less difficult to control than the melon fly. 

Although some of the new tomato lines carry resistance to the three 
i ed wilt, fusarium wilt, and gray leafspot— 
there are other diseases such as early and late blights, mosaic, rootknot, 
and bacterial wilt that add to the growers’ problems. The climate of 
Hawaii is for the most part admirably suited. for tomato production, 
however, and heavy yields are not at all uncommon. Growers have 
excellent opportunity for obtaining profitable returns from tomatoes, 
particularly well-cared-for winter crops, which meet little competition 
from Mainland imports. 


Watermelons.—This crop was second to tomatoes in economic 
value in 1948. The crop is definitely more seasonal than any of the 
other vegetables. Production is low from Deeember through March 
and reaches a peak in May, June, and July. This peak comes in 
advance of any possible Mainland imports and explains the relatively 
heavy emphasis on a luxury-type crop. The factor limiting produc- 
tion is the melon fly. As a rule, young fruit must be placed in paper 
bags or wrapped in pieces of newspaper. Only in isolated instances 
are melon fly populations low enough, or control effective enough, to 
allow growing the melons without bagsing. The vines also may be 
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attacked by the melon fly, but damage generally is not severe enough 
to cause heavy plant losses such as those normally experienced with 
muskmelons. In fact, muskmelons have rarely been grown on the 
Islands in the last 50 years. 

Black Seeded Chilean has been the most popular variety of water- 
melon. Production has been confined to medium and low elevations. 
In recent years, a major acreage has been on the island of Oahu. 
Maui has been second in production. 

Good watermelon crops are grown on a wide variety of soils. On 
the light soils, the rootknot nematode is a serious pest. Spot applica- 
tion of DD or chloropicrin is used with success in reducing nematode 
damage. Application of fungicides for control of anthracnose is often 
necessary. Fusarium wilt has been noted in a few localities, and a 
change to wilt-resistant varieties may be necessary in the future. 


OTHER VEGETABLE CROPS 


Thirty or more kinds of vegetables are grown on the Hawaiian 
Islands, but as previously explained, only about six are of great 
economic importance. In the following, some of the minor vegetable 
crops are mentioned. 


Celery.—Production of this crop has declined since the war because 
of a rather steady inflow from the Mainland. In cool places such as 
the Waimea area on the island of Hawaii, however, excellent celery is 
grown. With adequate irrigation, heavy fertilization to provide the 
large amounts of plant nutrients this crop requires, and proper use of 
fungicides, celery should continue to be moderately important. 


Eggplant.—4A steady supply of this crop is produced throughout the 
year. The climate at low elevations is excellent, as this is a warm- 
season crop. Consumption of eggplant is rather low, as it is on the 
D n so this crop will support only & relatively few Island 
armers. 


Green onions.—The bunching type of onions is one of the most 
pest-free and easily grown crops for Hawaii. Growth and multiplica- 
tion is rapid at low elevations on the island of Oahu, where most of the 
crop is grown. Many market gardeners, with an acre or considerably 
less, grow and market this crop in the Honolulu area. The crop is not 
exacting as to soils. 


Peppers.—The climate is excellent for peppers, but virus diseases, 
pepper weevils, and melon flies are serious barriers to production. 
This is reflected in high prices. 


Potatoes.—--Production of white potatoes has been low for the last 
several years. Before World War II, a considerable acreage of Bliss 
Triumph was grown on the island of Oahu in winter and shipped to the 
West Coast as new potatoes. These potatoes were grown largely on 
sugar plantations as an interim crop between plantings of sugarcane. 
Because of changes in plantation practices, loss of plant machinery 
for cleaning and packaging, and perhaps other factors, none of the 
prewar acreage has reappeared. Small acreages are planted at high 
elevations on the islands of Maui and Hawaii, as has been the practice 
for many years. 
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If virus-free seed is used, early and late blights are the principal 
production problems. Otherwise, virus diseases are also major 
threats to the potato crop. 


Sweetpotatoes.—This is one of the vegetable crops best adapted to 
the Hawailan climate, especially that prevailing at medium and low 
elevations. Moderate acreages are grown on the islands of Hawaii, 
Maui, Oahu, and Kauai. Lack of high-quality, high-yielding baking 
varieties has meant a low market demand. A breeding program for 
developing improved varieties for the Islands is now in progress at the 
Hawai Agricultural Experiment Station. With larger acreages of 
land now available for small farming, more sweetpotatoes likely will 
be grown. 


THESE CROPS and the methods and problems of their produc- 
tion are described because they are potential competitors for 
soils that are also largely adapted to sugarcane and pineapple 


FRUITS, NUTS, AND FLOWERS 


By W. B. STOREY, Horticulturist, Hawaii Agricultural Experiment Station 


THE SOILS AND climate of the Hawaiian Islands are well suited 
to many tropical and subtropical fruits and nuts. About 125 
species of trees, shrubs, and vines bearing edible or useful fruits grow 
in the various environments the Islands provide. Fewer than a dozen 
of these are of economic importance, however, and they are produced 
on a minor scale in comparison with the principal crops, sugarcane 
and pineapple. At no time in recent years has the acreage planted to 
fruits and nuts exceoded 3 percent of the land under cultivation on 
the Islands. 

The principal reasons why fruits are not produced on a larger scale 
are: 


(1) Those fruits finding ready sale locally are produced in quanti- 
ties which, for the most part, are adequate for keeping the 
market well supplied. 

(2) Most kinds of fresh fruits may not be shipped to the Mainland 
because of quarantine against three destructive fruit flies — 
the Mediterranean fruit fly (Ceratitis capitata), the Oriental 
fruit fly (Dacus dorsalis), and the melon fly (Dacus cucurb- 


itae). 

(3) Most processed fruit products that might be produced for export 
cannot compete with similar products from regions with lower 
land values and cheaper labor. 

(4) Those areas having soil, topography, and irrigation water sup- 
plies suitable for production of fruits and nuts are now used 
largely for sugarcane and pineapple. 


Future expansion of fruit and nut production probably will depend 
to a great extent upon (1) release of land on which sugarcane and pine- 
apple can no longer be grown economically; (2) development of steri- 
lization and processing methods that will meet quarantine requirements 
and allow shipment to the Mainland; (3) improvements in methods of 
handling, packaging, storago, and marketing; (4) exploitation and pro- 
motion of crops that cannot be grown economically, if at all, on the 
Mainland and that are not likely to encounter ruinous competition 
from other tropical and subtropical areas. 


COMMERCIAL FRUITS AND NUTS 


The fruit and nut crops of commercial importance in Hawaii are 
coffee, bananas, papayas, avocados, and macadamia nuts. 
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Coffee.—Of the various tree crops in commercial production, coffee 
(Coffea arabica) leads all othersin value and acreage. The average for 
several years past has been about 6,500,000 pounds of green coffee 
which is produced on 3,500 acres. The farm value of this crop averages 
about $1,750,000. 

The acreage in coffee has gradually declined to its present level from 
a reported high of 13,947 acres in the years 1898 to 1900.! It has re- 
mained fairly static at its present level for the past several years. 

At the time of greatest expansion, there were coffee plantations in 
the Makaha valley on the island of Oahu; in the vicinity of Olaa, Hilo, 
and Hamakua, on the eastern side of the island of Hawaii; and in the 
Kona, district, also on Hawaii. The decline of the industry may be 
attributed to economics rather than to adaptability. 

Coffee growing is now limited almost entirely to the Kona district. 
The coffee plantations in this district lie in a strip about 25 miles long 
and 2 miles wide at altitudes between 1,000 and 2,500 feet. This 
strip roughly parallels the seacoast between the village of Kailua on 
the north and the village of Hookena on the south. It is almost 
wholly within vegetation zone D}. The annual rainfall ranges from 
50 to 90 inches. The large trees considered necessary for shading 
coffee plants in most parts of the world are not needed. The canopy of 
clouds that forms over the area daily for much of the year makes 
shade trees unnecessary. 


Banana.—This fruit ranks second to coffee among tree crops in 
Hawaii. Prior to World War II, the banana was an export crop. 
The peak in export was reached in the period 1922-27, during which 
the annual shipment to the Mainland averaged 200,000 bunches. 
Shipment had declined to less than 100,000 bunches yearly at the out- 
break of World War II. Disruption of shipping during the war cut 
off exports entirely, and discovery of the Oriental fruit fly on the 
Islands in 1946 necessitated postwar quarantine and prevented re- 
sumption of shipping. The acreage in bananas has increased slightly 
in the past decade because of greater local consumption. Some ex- 
pansion of the industry may result from increased local demands, and 
from resumption of shipments to the Mainland when satisfactory 
methods of sterilization, handling, and marketing are found. 

The principal varieties of bananas in cultivation are the Cavendish, 
Gros Michel, and Brazilian. The Cavendish belongs to the species 
Musa cavendishi, and Gros Michel and Brazilian to the species M. 
paradisiaca, subspecies sapientum. A number of introduced varieties 
of minor importance, as well as numerous indigenous Hawaiian varie- 
ties, also belong to the paradisiaca species. The native varicties 
occasionally appear in the markets but are not of any commercial im- 
portance. Several other species of Musa are grown, including M. fehi, 
which is a staple food plant for much of Polynesia; M. textilis, the 
abaca, or Manila, hemp introduced for trial as a fiber plant; and M. 
ensete, which is used mostly in ornamental plantings. 

The Cavendish banana, known locally as Chinese banana, occurs 
on all the islands, but mainly on the lowlands at altitudes below 500 
feet. Nevertheless, this variety is adaptable at all elevations up 


1 COULTER, J. H., AGRICULTURAL LAND-USH PLANNING IN THE TERRITORY OF 
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to 1,500 feet in vegetation zones A to Ds. The largest commercial 
plantation occurs in zone B at Mokuleia, on the island of Oahu. 
Smaller plantations occur on the island of Oahu in the same zone at 
Waialau, Aiea, Moanalua, and Manoa. Other plantations on Oahu 
are located on the lowlands between Waimanalo and Kualo in vegeta- 
tion zone C. On the islands other than Oahu, culture of the Caven- 
dish variety is confined largely to scattered plantations covering 
only an acre or two and to home gardens. Probably half of all 
banana production in Hawaii is of the Cavendish variety. Little 
planting of the Cavendish banana is done above altitudes of 500 feet 
or in areas of fairly high rainfall because the fruit is damaged by a 
freckling disease. 

Commercial production of the varieties of Gros Michel, more 
commonly known locally as Bluefields, and of Brazilian is centered 
in the area between Kailua and Kualoa on the northeastern side of 
Oahu. Most of the plantations are at altitudes between sea level 
and 500 fect on alluvial fans at the foot of talus slopes along the base 
of the Koolau Range in vegetation zone D;. Occasional small 
plantings of Gros Michel occur in the “coffee belt" in the Kona 
district and along the Hilo eoast on the island of Hawaii. 

Other varieties of bananas, when planted, are usually found in the 
same areas as the types that are more important commercially. 
Frequently, a fow native varieties are grown for market with the 
more important varieties. The native varieties also grow in a semi- 
wild, naturalized state along the banks of streams in the wetter arcas 
up to elevations of nearly 2,500 feet. They occur commonly in all the 
eulches along the Hamakua Coast on the island of Hawaii; along 
East-Maui from Keanae to Hana; in the Waiahole, and Kahana, 
and Hauula districts on the island of Oahu; and along the eastern 
basal parts of Mount Waialeale on the island of Kauai. 


Papaya.— The papaya (Carica papaya) probably leads all others in 
popularity as a breakfast and cocktail fruit in Hawaii. Almost the 
entire crop is consumed as fresh fruit. Only a small percentage is 
put up as canned juice or nectar for local sale and for export to a 
limited market. 

With proper sterilization by a vapor-heat treatment, the fruit 
can pass quarantine regulations against the various fruit flies and be 
shipped to the Mainland. In recent years, however, only a small 
part of the total production has been shipped as fresh fruit. 

About 550 acres is in papayas, and all but approximately 50 acres 
of this is on the island of Oahu. The principal area of production 
lies in vegetation zones B and C and extends along the northeastern 
coast of Oahu from Waimanalo north along the coast to Kahuku. 
Probably 80 percent of the production comes from this area. Scat- 
tered plantations occur on the island of Oahu at Maunalua, Moanalua, 
Waipahu, Honouliuli, Maili, Waianae, Makaha, and Waialua, all 
in vegetation zones A or B#at elevations below 500 feet. On the 
island of Hawaii the principal plantations are on the lowlands near 
Hilo in zone D,, in the Kona coffee belt in zone C, and in the Kohala 
district in zone B. The area in papayas on this island totals less 
than 40 acres. A total of about 6 acres occurs on the island of Maui, 
all in zone A near Kahului and Lahaina, and about 5 acres made up 
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of small plantings is located on the island of Kauai between Kapaa 
and Kekaha, largely in zones A and B. 

In addition to trees grown in commercial plantations, the papaya 
is a common fruit in home gardens. Thousands of trees not accounted 
for by agricultural statistics occur in home gardens on the lowlands 
of all the islands. Papaya trees almost completely circle the island 
of Oahu. 

There is some prospect for future increase in papaya production. 
The fruit lends itself to processing for juices, jams, and nectars and, 
for the most part, satisfactorily withstands the vapor-heat steriliza- 
tion that allows shipment to the Mainland. On all the islands it is 
well adapted to lowlands that have adequate soil drainage and suffi- 
cient water. Production at elevations above 600 feet does not scem 
likely because quality deteriorates and anthracnose and mildew 
diseases become more prevalent with increase in altitude. 


Avocado.—The avocado (Persea americana) is one of the more 
important salad fruits in Hawaii. At one time, many considered 
avocado growing a potentially large industry, but various circum- 
stances have relegated the fruit to local markets. The decline from 
a reported high of 750 acres in 1937 ? to 160 acres by 1953 has been 
eaused principally by Mediterranean and Oriental fruit flies and death 
of many trees in certain areas from a disease known as avocado 
rootrot. The fruit flies forced restriction of the crop to local markets, 
and the avocado root rot caused abandonment of a considerable 
acreage. Avocado root rot is attributed to a soil-borne fungus 
(Phytophthora cinnamomi) that has an extremely adverse effect on 
the growth of trees planted in poorly drained and poorly aerated 
soils. The avocado is adapted to a wide range of climate on the 
Islands, provided the soil is suitable. 

Avocado production now amounts to about 1,055,000 pounds 
annually and the farm value is approximately $106,000. The center 
of production is moving into the coffee belt of the Kona district, 
where climate and soil are suitable and avocado root rot is virtually 
unknown. Formerly, the largest commercial plantations were located 
at Pupukea on the island of Oahu, in vegetation zone Cy, and at 
Haiku on the island of Maui, in zone D;. A number of smaller 
plantations that were located near Kaneohe and Hauula on the island 
of Oahu have largely succumbed to avocado root rot. 

As is true for most other fruits, the avocado is grown in home 
gardens in all parts of the Islands. 


Macadamia nuts.—Planting and production of the macadamia nut 
has increased rapidly in recent years, mainly for the following reasons: 
(1) adaptability of the crop to a wide range of soils and climate; (2) 
high and steady demand for the finished vacuum-packed product; 
(3) potentially high yields per acre; (4) recent establishment of 
superior horticultural varieties; and (5) a finished product that may 
be exported. 

In Hawaii the macadamia nut is represented by two types, the 
rough-shell (Macadamia tetraphylla) and the smooth-shell (M. terni- 
folia). Seedling orchards were firs& planted to both types, but in 
the past 20 years the smooth-shell type has been planted almost 
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exclusively. "The first commerical orchard (25 acres) was planted in 
1922. 

On the island of Hawaii mature macadamia orchards occur at 
elevations between 1,100 and 1,750 feet in vegetation zones D; and 
D, between Kukuihaele and Honokaa; at about 2,500 feet in zone 
D, above Keauhou; and at about 500 feet in zone D, near Kohala. 
Small scattered plantings of bearing trees occur through zone D, 
at elevations between 1,000 and 2,000 feet in the Kona district, A 
planting eventually expected to cover several thousand acres was 
established at Keaau in 1948, and several small orchards have been 
planted in the vicinity of Mountain View. 

On the island of Maui orchards in various degrees of maturity are 
located at Lahaina, Makawao, and Haiku; and on the island of Oahu, 
plantings are at Round Top, Waipahu, Waialua, and Kaneohe; and 
on the island of Kauai, at Kalaheo, Koloa, and Wailua. The planta- 
tions on these islands are largely in zones B to D;, where there is an 
adequate supply of rainfall or irrigation water. 

The prospects for future increase in macadamia production are 
bright. Experience has shown, however, that windswept locations 
should be avoided unless effective windbreaks are provided, and that 
on types of soil high in manganese will not support macadamia 
culture. 


MISCELLANEOUS FRUITS 


Fruits of lesser importance cultivated commercially on limited 
scale are the mango (Mangifera indica), the lychee (Litchi chinensis), 
and the citrus fruits (Citrus spp.). 


Mango.—This fruit is more or less tropical in its requirements, and 
plantings are confined to areas below altitudes of 500 feet. Small 
orchard plantings are located on the island of Kauai near Kealia 
and at Waimea; on the island of Oahu at Waianae, Aiea, Poamoho, 
and Moanalua; on the island of Maui at Lahaina and Haiku; and 
on the island of Molokai at Mapulehu Stream. All of these occur in 
vegetation zones A or B except the planting at Poamoho on the island 
of Oahu, which lies in zone C;. 

All varieties of mangoes appear highly susceptible to attack by the 
Oriental fruit fly. In view of this fact, it is not likely that production 
will increase until there is some prospect of controlling fruit flies. 


Lychee.—This crop is produced in small-scale plantings on several 
of the islands. Small orchards are located on the island of Kauai 
near Kapaa, on the island of Maui near Honokawai, on the island 
of Maui near Mapulehu, and on the island of Oahu near Aiea and 
Poamoho. These plantings are largely in vegetation zones C, and Cz. 


Citrus. Production of citrus fruits was once a fairly important 
industry, but commercial plantings are now confined to about 45 
acres located almost entirely on the island of Hawaii. About 25 
acres are in oranges, and the rest in tangerines. Most of the citrus 
acreage is near Mountain View, though some of the oranges come 
from the Kona coffee belt. 


Other fruits and nuts.—Minor fruits and nuts other than those 
heretofore discussed are frequently seen in markets, but few are grown 
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commercially. They are normally grown in residential areas located 
largely on the lowlands. Among the fruits reaching the market from 
this source are the coconut (Cocos nucifera), breadfruit (Artocarpus 
incisa), passion fruits (Passiflora spp.), anonaecous fruits (Anona 
spp.), mulberry (Morus nigra), and fig (Ficus carica). Small plant- 
ings of temperate-climate fruits such as apples, cherries, pears, plums, 
walnuts, and various berries have been established on "the islands of 
Hawaii and Kauai. These plantings were made largely to test adapta- 
bility of the fruits to upland conditions that are similar to those 
found in parts of the Mainland. 


FLOWERS 


Flowers are an important article of trade in Hawaii. An estimated 
435 acres is used for flower growing, aside from lathhouse culture 
of orchids and anthuriums. The flowers most commonly grown 
outdoors for market are gladioli, carnations, roses, gardenias, heli- 
coneas, larkspurs, snapdragons, asters, lilies, pikake (jasmine), and 
tuberose. Numerous other kinds of flowers are produced for the lei 
and florist trades. 

Most of the flowers reaching market are produced on the island 
of Oahu. The principal flower-growing districts are Waimanalo, 
Maunalua, Kahala, Manoa, Pauoa, Wahiawa, and Mokuleia. 


THIS SECTION deals with pastures and minor field crops and 
the relation of their production to vegetation zones and great 
soil groups, which already have been discussed, respectively, 
in the section on Soiis and Vegetation and the section on Re- 
lationships Among Soils of Hawaii. 


FIELD CROPS AND PASTURES 


By J. C. RIPPERTON, Agronomist, M. TAKAHASHI, Assistant Agronomist, and E. Y. Hosaka 
Assistant Specialist, Hawaii Agricultural Experiment Station 


DISCUSSED IN THIS section are various agronomic crops such 
as grains, root crops, and miscellancous crops that have been 
grown in Hawaii. Forage crops and pastures are given major em- 
phasis, however, because they are of greater importance in Hawaiian 
agriculture. 
AGRONOMIC CROPS 


Before the sugar and pineapple industries were developed, many 
different crops were tried in an attempt to develop a diversified 
agriculture. Among those tried were rice, wheat, oats, corn, and 
grain sorghum; soybeans, mung beans, pigeonpeas, and other legumes; 
potatoes, taro, cassava, edible canna, tobacco; and cotton, sisal, and 
other fiber crops. All ‘of these crops were generally well adapted to 
one of the various climatie zones in Hawaii but almost without 
exception they have been largely abandoned in favor of crops of 
higher acre value. Nevertheless, changing economie conditions may 
warrant reconsidering somo of thom, and therefore a brief discussion 
of each crop and its zonal adaptability i is given. 


Rice.-—At one time this was an important crop in Hawaii. In 1907 
about 10,000 acres was in rice. Yields per acre were high, but 
mechanized culture on the Mainland and the cheap labor of the 
Orient have practically eliminated rice-growing in Hawaii. Essen- 
tially all the rice was grown by submerged culture, and it was therefore 
restricted to the Paddy soils on the various islands. The so-called 
dryland, or upland, rice was tried experimentally on soils of the Hilo 
family (Hydrol Humic Latosols) above Hilo, and on soils of the 
Kapoho family (Humic Latosols) in the Kona district. These ex- 
perimental plantings proved there would be serious difficulties in 
harvesting and curing the crop. 


Small grains.-Wheat, oats, barley, and other small grains are no 
longer grown. They were once grown to limited extont, primarily on 
soils of the Reddish Prairie group in the Kula district on the island of 
Maui, and in the Waimea district on the island of Hawaii. The 
friable soils in these areas are fertile, have high water-holding capacity, 
and permit deep root penetration. They are at elevations where 
loss of water by transpiration and evaporation is relatively low, so 
good crops can be grown with far less rainfall than is needed at lower 
elevations. Here, there is normally enough spring rainfall for good 
growth, and ordinarily a dry summer that allows the grain to develop 
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and ripen. ln drier zones without irrigation, rainfall is normally the 
factor limiting growth of grains, and in vegetation zone D there are 
the difficulties of disease, proper pollination, and curing of the grain. 


Field corn and grain sorghums. —Corn reached its maximum of 
about 10,000 acres in 1920. Since then acreages have declined. 
Plantings in recent years have not exceeded 1,000 acres. Like the 
small grains, corn grown without irrigation is best adapted to soils 
of the “Reddish Prairie group in vegetation zone C». In one locality 
in the Kohala district, a small acreage of corn is grown year after year. 
As an intererop during pasture renovation, several hundreds of acres 
of corn generally is planted each year. 

Grain sorghums are grown on small acreages at lower elevations 
with fair success. During World War II growing of corn and sorghum 
without irrigation was attempted on soils of the Molokai family 
(Low Humic Latosols) in vegetation zone B, but yields were small 
because of low and unpredictable rainfall. Under irrigation, corn, 
sorghums, and sweet corn grow well, but the corn leafhopper and the 
sorghum midge seriously reduce yields after the first or second crop. 
Corn may find some use as an intercrop or barrier crop in vegetable- 
producing areas. 


Seed legumes.—Soybeans, dry beans, mung beans, cowpeas, pigeon- 
peas, peanuts, and other seed legumes have been tried but are now: 
seldom grown. The same general difficulties apply to their production 
as to the grain crops. 

During World War IT production of dry beans under irrigation was 
attempted on soils of the Wahiawa family (Low Humic " Latosols). 
Although yields were satisfactory, serious difficulties were encountered. 
Several flowerings of the plants produced beans of varying stages of 
maturity. The more mature beans tended to crack open, and the 
pods to shatter. Also, threshing with a combine left a film of red 
soil on the beans that could not be removed mechanically. 

Peanuts grow well in Hawai, particularly on the Catano soil 
series of the Regosols group. When peanuts are grown on the heavy 
intrazonal soils or the Humic Latosols, it is difficult to remove the 
soil from the nuts. 

Pigeonpeas grow well in certain localities but they serve principally 
as a forage crop. (See pages 169 and 180.) 

Root crops.—A number of starchy root crops are well adapted to 
Hawai. Taro, an important part of the Hawaiians’ diet, was first 
grown on moist uplands. Now it is grown mainly as a submerged 
crop, and the method of culture is similar to that for rice. Although 
changes in the local diet have greatly reduced the acreage of taro it is 
still an important crop, at least from a dietary standpoint. Practically 
the entire crop is used as a vegetable or converted into poi. Com. 
mercial processes have been developed for making various dried 
products from taro. These could be exported for use in special diets, 
but production is not large. 

In submerged culture, taro is grown on the Paddy soils, The 
principal areas of so-called upland, or dryland, taro are in the Kona 
district on the island of Hawaii, where the crop is planted on soils of 


FIELD CROPS AND PASTURES 167 


the Kapoho family (Humic Latosols) and on soils of the Kealakekua 
family (Hydrol Humic Latosols). 

Sweetpotatoes are being grown on limited acreages as a food crop. 
Local experiments, as well as those performed by several experiment 
stations 1n the southeastern States, show that a dried meal made from 
the tubers is a satisfactory substitute for grain in rations for dairy 
cattle, swine, and poultry. These stations believe that sweetpotatoes 
are a much more profitable crop than corn or other grains in areas 
subject to tropical humid climate. This may well apply in Hawaii 
wherever sufficient arable land ig available. 

The sweetpotato grows best in a relatively warm dry climate under 
irrigation. It tends to produce too much top growth where there is 
excess moisture. Heavy-textured soils are undesirable for sweet- 
potatoes. The Low Humic Latosols or the sandy Regosols probably 
would be most desirable. Some machinery has been devised for 
removing the vines and digging the roots, though most of it is still in 
the developmental stage. 

Cassava, or tapioca, is grown to limited extent as a starchy food 
erop or for dried feed. For dry feed, or as a source of commercial 
starch, cassava offers possibilities for future expansion. It is a hardy 
crop and requires considerably less water than the sweetpotato. 
Cassava grows best at altitudes below 1,500 feet. It has grown satis- 
factorily on the Low Humic Latosols, the dricr parts of the Humic 
Ferruginous Latosols, and on the Alluvial soils. 

Edible canna was once grown as a source of commercial starch. The 
starch, because of the unusually large size of the granules, has unique 
properties suiting it for certain industrial purposes. Canna growing 
did not succeed, at least partly because of milling difficulties and in- 
adequate water for the manufacture of the starch. Edible canna is 
best adapted to the moist uplands. It was formerly grown on the 
Waimea plateau on soils of the Reddish Prairie and the Latosolic 
Brown Forest groups. 


Tobacco.—This crop grew exceptionally well in the Kona district 
on the island of Hawaii, primarily on soils of the Humic Latosols 
group. It is reported that wrapper tobacco of excellent quality was 
produced without providing artificial shade. Tobacco growing was 
abandoned, apparently because the crop required so much hand labor 
&nd presented difficulties in curing and marketing. 


Sisal.—This fiber crop was grown on several thousand acres in the 
early part of the century. The comparatively dry lands near Ewa, 
Pahala, and Kona were used. Yields and quality were apparently 
satisfactory, but the erop was abandoned because of low prices for 
the fiber and expansion of the pineapple industry. 


FORAGE CROPS AND PASTURE 


The Hawaiian Islands present serious obstacles to economical 
produetion of grains or other annual seed crops, but are well adapted 
to many kinds of plants suitable for forage and pasture. The roughage 
required for dairy cattle is produced on the Islands, and pasture is the 
sole source of feed for the beef cattle. 
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FORAGE CROPS FOR DAIRIES 


Feeding of dairy cattle conforms to a relatively simple pattern. 
The necessary roughage is provided by cutting grass each day and 
feeding it fresh to the animals; the rest of the ration is made up of 
concentrates purchased mostly from the Mainland. A limited amount 
of concentrate feed is mixed locally; it is made up, in part, from 
algaroba pods, pineapple bran, cassava, coconut meal, and grass hay. 


A number of dairymen practice limited grazing. It is not uncom- 
mon to graze dry cows and young stock. A few dairymen graze the 
milking herd, although they find it necessary to feed concentrates. 
Silos are used to a degree, but have never been generally accepted. 
The overall picture for the dairy industry is feeding of freshly cut grass 
roughage and imported concentrates. 

The major grasses and legumes that are now used or have been used 
for cut forage are discussed in the following paragraphs. The appro- 
pue vegetation zones and soil families and soil groups are mentioned 

or each. 


Napiergrass.—This is the principal species used as cut feed, 
especially where grown under irrigation, in vegetation zones A, B, and 
C,. Its adaptability is similar to that of sugarcane, and its per- 
formance on the various kinds of soils should be similar. About 75 
tons of green forage an acre por year is an average yield, but 120 tons 
is not unusual. In one area Napiergrass is grown on the Catano 
series (Regosols). The Catano soils are a mixture of coral, sand, and 
soil material. They produce high yields of Napiergrass but require 
frequent irrigation. More commonly this grass is grown in small, 
leeward, valley floor on soils of the Kawaihapai family (Alluvial soils), 


The grass makes satisfactory growth on the heavy, plastic soils of 
the Gray Hydromorphic and Dark Magnesium Clays groups. In 
many respects these heavy soils are the most desirable, for they require 
om fertilizer and less frequent irrigation than the corresponding zonal 
soils. 

On the island of Maui, rather extensive plantings of Napiergrass 
have been made on soils of the Haiku family (Humie Ferruginous 
Latosols) Another sizeable area is on soils of the Kapoho family 
(Humic Latosols). For satisfactory yields, soils of the Kapoho and 
Haiku families in vegetation zone D, should be given rather heavy 
applications of fertilizer high in nitrogen. Napier is not a grass to be 
planted on poor, thin, or eroded soils. 


Panicum.—As dairy forage, this grass is as important as Napier- 
grass. It has rather wide adaptability as to kind of soil, but is grown 
principally m vegetation zone D, without irrigation. Under average 
conditions it yields 50 to 70 tons of cut forage per year. It is either 
grazed or used for cut forage. It grows most luxuriantly where there 
is ample moisture at all times. A high water table is an asset; in 
one area adjacent to Pearl Harbor, panicum makes a luxuriant 
growth without irrigation. 

Abandoned Paddy soils will produce good yields of panicum; and 
Alluvial soils are excellent for this grass. When grown on the Humic 
Latosols, panicum requires rather heavy applications of fertilizer high 
in nitrogen if it 1s to produce satisfactorily, 
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Other grasses.—Sudan, Rhodes, Mexican, and other grasses have 
been used but discontinued either because of lower yields or because 
of greater cultural difficulties than those experienced with Napiergrass 
and panicum. 


Koahaole.—Several dairies now use this plant for forage. With 
this crop, all cultural and harvesting operations can be done mechani- 
cally. The nutritive value of the forage is excellent. Milk produc- 
tion experiments have proven that this crop, used as the sole source 
of forage, can replace a large part of the protein in the concentrate 
ration. 

Koahaole should be grown for roughage only in vegetation zones A, 
B, and C;. Farmers say that animals do not eat the crop well when 
it is grown in vegetation zone D. The crop requires good drainage; 
it often grows better on sloping rocky land than on adjoining gently 
sloping areas. Yields of 25 tons an acre per year have been obtained 
under irrigation at altitudes of 300 feet. 

The present plantings of koahaole for cut forage are on soils of the 
Puhi family and the driest areas occupied by soils of the Haiku family 
(both Humic Ferruginous Latosols); on soils of the Catano series 
(Regosols); on soils of the Wahiawa and Lahaina families (both Low 
Humic Latosols); and on shallow soils of the Molokai family (Low 
Humic Latosols). 

Koahaole should grow satisfactorily on most soils in vegetation 
zones A, B, and C below altitudes of about 1,000 feet. Stony, rocky, 
and sloping areas are well adapted, but these undesirable features 
would interfere with mechanical handling of the crop. 


Alfalfa.—This crop has been grown primarily on the sandy soils of 
the Catano series (Regosols) and soils of the Kawaihapai family 
(Alluvial soils). It probably is adapted to the zonal soils of the dry 
regions. Experimental plantings on the Reddish Prairie soils at 
higher altitudes have grown well. On the heavier soils root rot 
gradually depletes the stand. 

Alfalfa can be harvested as many as 10 times a year, and will pro- 
duce 35 to 45 tons of green forage. This crop was formerly planted to 
considerable extent; 1t has been abandoned principally because the 
hand weeding necessary to prevent grasses and weeds from destroying 
the stand is too costly. If present experiments with chemical sprays 
for killing weeds are successful, alfalfa may be grown again. 


Pigeonpea.—This plant makes satisfactory dairy forage, especially 
when it is in pod. If the crop is to ratoon satisfactorily, the plants 
must be topped about 2% feet above the ground. When a mechanical 
method for topping is devised, the pigeonpea may be more widely 
accepted as a cut dairy feed. It is fairly tolerant of different kinds of 
soil. With irrigation it grows well on most soils in the dry regions. 
It will tolerate the acidity of soils in the Haiku family (Humic Fer- 
ruginous Latosols). Itis probably best adapted to soils of the Waimea 
family (Reddish Prairie). 


Trends and problems in production of dairy forage.—Production of 
koahaole and other legumes is limited in spite of the fact that they 
have higher nutrient value than Napiergrass and panicum. The 
legumes are not produced, primarily because the dairies in Hawaii have 
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a limited area for growing cut-forage crops. ‘The maximum yield of 
total digestible nutrients (TDN' sS per acre therefore becomes im- 
portant. The robust grasses will produce more than twice as much 
of digestible nutrients as koahaole. Consequently, unless sufficient 
land 1s available, grass remains the customary source of cut forage. 

The Hawaiian dair y industry faces several serious problems. Some 
areas now used for forage are being converted to other uses, particularly 
on the island of Oahu.  Tnereased costs for labor and feed have g greatly 
reduced profits. Trends in the industry reflect these problems. 
Small dairies are being abandoned, or combined in some instances. 
Mechanization of field operations, especially the harvesting of forage 
crops, is being attempted. 

Greater stress is being given to development of better pastures in 
vegetation zones C, and Di. A grass-legume pasture of paspalum 
and Kaimi clover has been found particular ly valuable. Even better 
pasture can be had by using kikuyugrass with the legume instead of 
paspalum. One dairy has grazed its herd a number of years on 
legume-grass pasture sown on soils of the Kaneohe family (Humic 
Latosols). No mineral fertilizer has been necessary to get a 
satisfactory stand. 

Kaimi clover is spreading naturally over large areas in vegetation. 
zones D; and C4. Experimental trials indicate that Kaimi clov er and 
rolated legumes grow well without mineral fertilizer on most soils in 
the Humic Latosol group and on soils in parts of the Humic Fer- 
ruginous Latosol group. One fest on soils of the Honolua family 
(Humic Latosols) showed a marked response to lime and to phosphate. 


PASTURES FOR BEEF PRODUCTION 


"The insular tropical climate of Hawaii permits year-round grazing 
of beef cattle. In most arcas the distance from one climate and vege- 
tation zone to another markedly different zone is only a few miles (sco 
Map of Vegetation Zones). As most of the larger ranches cover sev- 
eral zones, the ranchers move their herds to “wherever the feed is” 
and thus make the best use of all areas on the ranch. Such a system 
permits a rancher to turn out well-finished grass-fed animals without 
growing and feeding hay, silage, or grain. 

Most ranchors have some land that can be plowed or disked and 
planted to improved species. This land is planted to pastures, which 
are gencrally used as fattening paddocks. ‘The term “fattening pad- 
docks” refers to improved areas that provide the best pasture mix- 
tures, and which are understocked to the extent that ample g grow th of 
forage is permitted. The rest of the ranch—the so- -called “range 
land" consists of the nonarable parts and those located where cli- 
matic extremes prevail. On the range land the natural vegotation 
provides most of the grazing, although i in many places ranchers have 
cleared away the shrubs with mechanical equipment and broadcast 
improved species that produce remarkably good pasture. 


Listed in table 41 are those species most important for grazing, 
among which are the ones generally recommended for planting; and 
im table 42 are the most important species that occur naturally on 
grazing land. ‘The following paragraphs discuss combinations of the 
more important species that make up the sward in the improved 
pastures, or fattening paddocks. 


TABLE 41.—Scientifie and common names of forage species in Hawaiian range lands, their forage value and frequency of 
oceurrence, and their distribution by vegetation zones 


[Species recommended for planting are preceded by asterisk. 


GRASSES 


A=abundant; C=common; O=occasional; R=rare] 


Common natne 


Distribution by vegetation zones 


Scientific name ENS E. uM : 
Local Standard} | A} B| Ci! C; | D,| D;| Ds] E; | Ez 

* Agrostis alba- ------------- POU ec e ER RES mI c —————— ——— Good... .| | OOs 

Andropogon barbinodis fuzzy top... co nce exe eane bluestem. | Medium..| eS 

A. nodosus____-_ see __.| Wildergrass.....-..2------ bluestem 9... 00 ou =. ae 

Anthozanthum odoratum... swect vernalgrass---------- sweet vernalgrass..... CIC 

Avena fatut--------------- wild oat---------- aessa) PdO PED S= 

Azonopus affinis carpetgrasS---~------- common carpetgrass = 
*Bromus catharticus__...____| bromegras rescue brome__.--.-.------ C 

B, mollis... 2... 0... | soft ches soft brome....... RO 

Cenchrus echinatus_._--~.-- sandbur... 22-222 ---- -| Southern sandbur | Medium.. o| 
*Chloris gayana___..___.-...| Rhodesgrass___ .o ooo Rhodesgrass......... Good. ... = 
*C. virgala. LL 2 feather fingergrass . showy chloris- de [2 
"A Bermudagrass...... Bermudagrass. ood... 

Cynodon dactylon. .. giant Bermadastass. Ces ü E | Medium.. a 
*Dactylis glomerata, i. eocksfoot.. c acc clou orchardgrass...... E oss] Good... C! 
Danthonia pilosa... Lu. hairy oatgrass...... ......] hairy danthonia..... D uto | Medium. . C 
*D. semiannularis ... oou. Wallabygrass..--....-__-- Australian danthonia...... }.--do_____ c| 
*Digitaria henryi_-....-.--.- Henry’s crabgrass_...----- Niet Ree pecan Bee sc Good... sd 
D. sanguinalis kukaipuaa....... .llllll. Hairy erabgrass |... .... [...do..- ce 
D. violascens_ 22-22-2222] acan dO--- nlcJusseitolma violet erabgrass i C 
Eragrostis brownei.. sheepgrass.......------.--- lovegrass?.... Q 
Festuca dertonensis____.---- brome fescüenn------------ brome fescue...-----~----- Boe so eee ime 
*Heteropogon contortus.._____| piligrass------------------ tanglehead......_--------- ECT sa 
*Holcus lanatus ------------ Yorkshire fog - -| common velvetgrass.... een: (eee o 

Italian ryegrass- ---------- Good- A| 


*Lolium multiflorum -------- 
See footnotes at end of table. 


Italian ryegrass. —_____ 


SWHfhLSVd ANV SdOUO AIL 


TasLE 41.—Scientific and common names of forage species in Hawaiian range lands, their forage value and frequency of 


[Species recommended for planting are preceded by asterisk. 
GRASSES 


occurrence, and their distribution by vegetation zones—Continued 


A=abundant; C— com 
Continued 


mon; O=occasional; R=rare] 


Common name 


Distribution by vegetation zones 


Golanti y Forage 
Seientifie name - valla 
Local Standard ! A|B|[C,[C; Dı D: | Ds, Ej E 
i i i | 
7 L—- | — S 
"p, perenne EE perennial ryegrass......... perennial ryegrass........- 
* Melinis minuliflora_...----- molassesgrass...---------- molassesgrass------------- 
* Microlaena stipoides puulehua....-.i ccs cleece | —— ee — 
* Panicum maximum.........| Guineagrass Guineagrass 
*P, purpurascens. —- paragrass_ 
P. xerophilum_.--..------- S cune 
Paspalum conjugatum.—- ~~ - Hilograss_ sour paspalum. ----------- 
EP, dilatatum- esso paspalum 25s ecuecuse Dallisgrass---------------- 
*Pennisetum clandestinum- -| Kikuyugrass-------------- Kikuyugrass-------------- 
*P, purpureum. c ssec Napiergrags.........-..-.- Napiergrass--------------- 
¥Poa pratensis ------------- | Kentucky bluegrass........| Kentucky bluegrass-------- C. 
Sacciolepis contracta ---~--- Glenwoodgrass------------ cupseale ? ~- danses 
Setaria verticillata -| bristly foxtail------------- hooked þristlegrass---.----- | Medium A E 
Sporobolus capensis........., rattail.. dropseed 2...... 2. 2 c2os | Fair... css Os || Ab e ds 0/0 
Stenotaphrum secundatum- | buffalograss__- St. Augustinegrass Medium.....|...]| CJ 0 | O | O ...... 
Tricholaena repens- -------- Natal redtop.. Natalgrass....... |---do.. POTO LETA TO loane ke 
Trisetum glomeratum------- heu pueo___.-----------. Trisetum ?. ME Oc os ces lly call PATEH RT PESE CIN UN [9] 
bo 
HERBS 
- SN - TNR ~ 
Atriplex semibaccata- ------- Australian saltbush- _______ Australian saltbush... .—- Good- CIL O LL Loue. » 
Bidens pilosa pilipili Railway beggartieks------- Hanes Vo Benen ea eee Buses sce esc E 
* Desmodium canum- Kaimi clover tickclover ? | 224C€rL..1€|. 
*D. triflorum__.-------~---- little beggurweed.._.------|----- doBil.-- ae ces ee Oj; |---j} O}- 


MOS 


JO ASHOTLIWHWUSHL LO AMAHDS 


LIVAVEL 


$L1——$8--85rF0& 


D. uncinatum__-_--_~.- 

Erodium cicutarium—-—__~--- 

Geranium carolinianum var. 
australe, 

Hypochoeris glabra -------- 


H. radicata_.......--.-----| gosmore_.__..----------~-- spotted catsear 
Lespedeza striata_...--.. Jespedeza___.------------- common lespedeza.. ------- 


*Lotus angustissiMus-------- 
Malvasirum coromandelia- 
num. 


* Medicago hispida.__.------ | 


* M. lupulina- --------- " 
* Melilotus indica. 


Plantago lanceolata. = 
* Trifolium arvense- HN 
*T. pratense__.---- 
*T, procumbens... 
ET, repens_..------ se 
* Vicia solivd....-...----«-- 


filaree 


smooth gosmore----------- 


birdsfoot trefoil 
false mallow- _. 


burdlover..-:---e mme 
black medie.........-.-..- 


| Indian yellow clover....... 
Modiola caroliniana eal 


bristly-fruited mallow. s 


plantain_.-_---..---- -l 


rabbitfoot clover- - 


hop clover.-. anco esoc- 
white clover_.--_.-------- 
common veteh.. 


smooth catsear 


slenderpod deerveteh -~ 
false mallow..------------ 


California burclover....... 


black medic--------------- 7 


annual yellow sweetelover. - 
Carolina modiola........ 


Buekhorn plantain........ | 
rabbitfoot elover..... al 
red clover. ___.-.--------- l 


low hop clover... 
white clover 
common vetch 


Ssrups and TREES 


*Cajanus cajan._.---------- pigeonpea_____-.--------- pigeonpea..-_------------- 3ood. ... 

* Desmanihus virgatus. . . -| Desmanthus-------------- Rayado bundleflower------ Medium. . -— 

* Desmodium tortuosum..... Florida beggarweed........ Cherokee tiekelover........ Good. ..- ne 

*Leucaena glauea___.-_----- kon haole. i. cessum whitepopinac leadtree...... m S — 
Mimosa pudica.......--.-- sensitiveplant............- sensitiveplant...... Fair ous 
Opuntia megacantha-------- CACTUS. ll o ecc Mission pricklypear. = 
Prosopis chilensis_.-------- algurob. uestes common mesquite T 
Side fallaz~--------------- MAMA o uec cee SIdA FA sc eu eee eye 
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1 Source: Standardized Plant Names. Ed. 2, 675 pp. 1942. (Prepared for the American Joint Committee on Horticultural Nomen- 
elature by its Editorial Committee, H. P. Kelsey and W. A. Dayton.) 


2 Common name for the genus, not for the particular species of the genus listed in left-hand column of this table. For example, under 


Grasses, bluestem is the common name for grasses of the Andropogon genus, not for the species Andropogon nodosus. 


3 No common name assigned. 
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TABLE 42.—Scientific and common names of most important plants occurring naturally in Hawaiian pasturelands, and 
distribution of each by vegetation zones 


GRASSES AND SEDGES 


Scientific name 


Common name 


Distribution by 


vegetation zones 


| Local Standard ! A CC | Di|D;|D;| E; 
Agrostis retrofracta_....-.-..-__- e) Pacific bentgrass- ----------- X| XIX 
Aira caryophyllea- -| silver hairgrass.......- 2 ool. silver hairgrass..._____ x X 
Chloris inflata- -| swollen fingergrass ....... swollen fingergrass___ 
Chrysopogon aciculatus pilipiliula- Rhaphis*#..__- 22 _ 
Cynodon dactylon- ------------ Bermudagrass___ Bermudagrass_______ 
Dactylocetenium aegyptium- beach wiregrass.... Lll col. Durban crowfootgrass__ 
Deschampsia nubigena... ss kalamaloa__.-_...-_-_..-_-- hairgrass 9... 2 LL uu 
Eragrosts amabilis... s hakonakona....... .... l.l. feather lovegrass__._.-_.-__- 
E. atropoides -2-222202 hard-stemmed lovegrass...... lovegrass ? 
E. Uroneel- soos eem eeu sheepgrTass------------------]----- AE acara 
E. leptophylla 2-a- mountain lovegrass__-_....._|.-__- do 3. 
Heteropogon contortus pola MEME tanglehead____ x z 
Oplismenus hirtellus. basketgrass.._.-.-..--..____ basketgrass__.__--_---- l.l Lees (rues pa’, [erro AIA | pe 
Panicum colliei |... eu £) panieum, or witchgrass 3 Pieras Ieee NER DR: 
P. nubigenum......-.2---- 2. Qu o E dO 4l n see ec eis less [erba MI sel 
P. tenuifolium... LLL cll Ll mountain pili... .... 2 LL coc ccu. do3_ . PEN e [E cael cel 
P. torridum. 2-22-2222. kakonakona__-__.---.---2--/.2-__ do9. . Vee ecc mcc ess. 
Paspalum conjugatum. is. Hilograss. sour paspalum. XIX[X|X|..l.. 
P. orbiculare. -n2 ricegrass.. paspalum 3 f A SA A NT MS 
Setaria geniculata..._.-..______. yellow foxtail knotroot bristlegrass.___.____ zas NI dq mE ED qM MEE 
S. verticillata l.l La a Ls bristly foxtail hooked bristlegrass..________ X|X XL.....-.. = 
Sporobolus capensis... | rattailla | dropseed 3... uus PAM ee 2 
S. virginicus...........---- coul beach rattail... seashore dropseed.. ........ » wer MS NM ND RET UR OIN 
Tricholaena repens... Lec. Natal redtop... Natalgrass..... LLL cL 8. esae X. EX essa lee 


Trisetum glomeratum- -~------ 


Trisetum 3 


1241 


IOS 


AUOLIHuUL JO AHANS 


IIVAVEH. JO 


HERBS 


| | 
Argemone glauca__..--.-------- pricklypoppy --------------- prieklypoppy ?-------------- x | — 
Atriplex semibaccata. ----- Australian saltbush---------- Australian saltbush Sse 
Boerhaavia tetrandra_._--- [D  —— —— spiderliug 3. «uosesmRLemn | ! men 
Centaurea melitensis. ._.- Maltese thistle- ------------ Malta centaurea ------------ 2 CP E lcs 
Centella asiatica- -s---r -=-= Chinese violet- .----------- 2 
Epilobium oligondontum--~------ gu i —— ; willowweed #_...-........-- 
Gaillardia pulchella.....-------- galllanlià woo cna cna cere Gaillardia 5... 2... RN NN ses 
Geranium carolinianum var. | wild geranium -------------- Carolina geranium..... lub c.c. X L2 X X [we 
australe. f | 
Heliotropium anomalum__.------ hinahina_______...--- | Heliotrope *_.....---.-....-- UU oue — 
H. curassavicum__.-.---------- hinahina...... | salt heliotrope--------------- X... nes 
Jacquemontia sandwicensis -~ pauohiiaka.... NERO MT X. a 
Malvastrum coromandelianum.....| falsemallow.... falsemallow 8___...---------- X X owls 
Passiflora foctida__..-..-.------ passiflora._...-------------- Tagua passionflower. ........ 2X TE 
Prunella vulgaris...------------ m n "ci common selfheal..._...------|--- ied Bee 
Sesuvium portulacasirum _— ~~ —- | sea purslane purslane sesuvium.-_-..----- xX X S 
Sisyrinchium acre-------------- mauulaili......... blue-eyed-grass 3... se sere 
Tribulus cistoides____..-..---~- BOlW occa csece ces Jamaica feverplant... |IX|X oon 
Verbesina enceliotdes__..-.------ golden crownbeard golden crownbeard_..-------- Be |, Lee ennt 
: i ] dic den 
FERNS 
Cibotium chamissoi-.----------- tree fern Cibotrim ea see aka use wow) AXI XA eies 
Dryopteris dentata. parasitic shieldfern downy woodfern.. i diel ser eco incen mc EEE 
D. paleacea alapaio. woodfern 3______- allege AX p 
Pteridium aquilinum var. de- | bracken fern braecken...-- eic EN X|X|L....-.|X X... 
compositum. ME | 
| { i 
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Tasis 42.—Scientific and common names of most important plants occurring naturally in Hawaiian pasturelands, and 1 


distribution of each by vegetation zones—Continued 
SHRURS 
E = e = " 
Common name Distribution by vegetation zones 
Scientific name | i - i ie a 
Local Standard Al B| C: Dy! DD; E, | E2 | Es 
MEE eR | 
Abutilon molle._.---.-----.---- MAO. conecncusss Abutilon 3.22 222 2--2- --- 
Acacia farnesiana___.---.- .--- klu- ee sweet acacia_._....-______--- 
Cassia leschenaultiana_-...-..-- Japanese-tea. seisne SONNE! EE lee 
Clerodendron fragrans -| elerodendron... fragrant glorybower 
Dodonaea viscosa_____- duces) ———— elammy hopseed bush 
Eupatorium adenophorum.. pedes pamakani.............. -...| Eupatorium $............... | 
Gossypium tomentosum___-..---- brown cotton___..-_-.-_.--- Hawaiian cotton_..._.___. 
Lantana camara....----------- ISAT oo cece an E common lantana...... 
Leucaena glauca. Lll ac ull. koahadle....-—- oncle whitepopinac leadtree__ 


Mimosa pudica... Ll sensitive plant- ------------ sensitive plant. ..... 


Opuntia megacaniha [Lic Er PES | mission pricklypear---------- 
Pluchea indica... .--...----.| pluchea_ 22 22.2222 pliichea?. - 2 gee see 
Plumbago zeylanica__._-. 2... -- UC. PS "TOS | Plumbago 3.---------- RN 
Psidium quajava__.---.-.------ BUB eus cose qeu dein eee kx | common guava 

Santalum ellipticum- ---------- | sandalwood___.-_.-.._..-__- sandalwood 3.2-------------- 
Sida fallaz-------------------- du ——— ———— Sida 3 

Solanum pseudo-capsicum. ......| Jerusalem cherry- n-ann- Jerusalemcherry 

Styphelia douglasii-------------- puakeawe..... 2222-22-24 Mo. 

S. tameiametae.__---.-22 2-2-2) oe ro PONENS d ——— — P: 
T'ephrosia purpurea mE o ieee oa eas owe nnid ace purple tephrosia____. __ 

Vitex irifolia l2 2-2 polinalina_ _ chastetree $5... ------ 


Waltheria indica var. Americana. | ubaloa- na- 2-2-2-2- Waltheria 3... 2. 2 Ls coul 


94I 
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TREES 


| | 
Acacia kea..-.--.------------- ER. oer ep eA TA koa- BOACIA-- eu Eme Sk Saee | XXX | X X |X| X 
Aleurites moluccana____-----_-.. PUK MN DTE candlenut-tree...-.- |e. i KAINA edla 
Eugenia cumini_.-..----.- | Java plum__ jambolan____.__. Sacs etes > a |e, Gol | eei dms de 
Metrosideros collina... lll ; ohia lehua.... nons REN ES E XIÍX|XiX IS —— 
Myoporum sandwicense- ! MOO. —— sese sandalwood myoporum....... 5... pn POR NN QU NE m db e 
Pandanus odoratissimus---------| puhala. l.l c coal 2. serewpine 9... s oec yas osa eu o. Ge ee o e op i L-. 
Prosopis chilensis..... LL cuu algaroba--------------- common mesquite. ---------- X I E I S ES 
Sophora chrysophylla. Llc Mamanio. mln -| Chatham sophora....... . ij... | sesli ca | SR Heelies XiX | 
| 


1 Source: Standardized Plant Names. Ed. 2, 675 pp. 1942. (Prepared for the American Joint Committee on Horticultural Nomen- 
clature by its Editorial Committee, H. P. Kelsey and W. A. Dayton.) 

? No common name assigned. 

3 Common name for the genus, not for the particular species of the genus listed in left-hand column of this table. For example, under 
Trees, "serewpine" is the common name for the trees of Pandanus genus, not for the species Pandanus odoratissimus. Use of common 
name for the genus indicates that a common name for the particular species listed has not been assigned. 
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Algaroba trees and associated species.— This tree grows best on 
the leeward coastal flats in vegetation zones A and B. The species 
associated with it are bristly foxtail, feather fingergrass, and saltbush. 
The algaroba extends up the slopes, sometimes to an altitude of 1,000 
feet, but it makes considerably less growth and produces smaller pod 
crops at the higher altitudes. Algaroba is seldom planted, as it prob- 
ably has spread throughout the areas to which it is adapted. If 
seedlings are not destroyed, algaroba forms dense thickets that reduce 
the yield of pods and suppress the undergrowth of forage grasses and 
shrubs. Periodic thinning is desirable. 

Algaroba is a leguminous tree very valuable to the rancher. It 
provides durable fence posts, shade for the animals, and pods that are 
exceptionally nutritious. The algaroba pods drop during summer and 
fall; they have a nutritive value slightly less than that of a grain such 
as barley. 


Koahaole and Guineagrass.—Koahaole is a perennial shrubby leg- 
ume of exceptionally high palatability and nutritive value. It occurs 
naturally in most parts of vegetation zones B and C. The altitude 
range is up to 1,000 feet in the wetter windward areas, but up to 1,500 
feet in the leeward areas. Koahaole requires rather careful manage- 
ment. If undergrazed, it grows so tall the animals cannot reach the 
leafy forage, and if grazed hard and continuously, it dics out. Guinea- 
grass is an excellent companion species. It spreads in these zones by 
natural seeding, resists drought, and develops new growth rapidly 
after a rain. It is palatable even as standing dry feed. A combina- 
tion of koahaole and Guineagrass is one of the best for fattening. 


Bermudagrass and associated legumes. —Bermudagrass is not often 
planted, for it occurs naturally in nearly all parts of vegetation zones 
C, and Cs, as well as in the moister parts of zone B. A strain called 
giant Bermuda is probably more drought resistant than the common 
strain and is sometimes planted in zone B. Other grasses and legumes 
grow well with Bermuda—Spanish clover in zone C,, and bromegrass, 
ryegrasses, orchardgrass, burclover, black medic sweetclover, and 
Indian sweetelover in zone Cs. Occasional plowing or disking breaks 
up the sod and stimulates the growth of the species associated with 
Bermudagrass. This mixture of Bermudagrass and associated legumes 
provides some of the best fattening paddocks in vegetation zone C; 


Paspalum and associated legumes.— Paspalum is in many respects 
the most valuable grazing species in Hawaii, and it has been exten- 
sively planted. It has a wide range of adaptability, as it grows at 
altitudes ranging from sea level to 6,000 feet in vegetation zones C 
and D. Paspalum is one of the most palatable species. Areas of it 
are always the most closely cropped. Paspalum will stand hard and 
continuous grazing and has a high carrying capacity. In favorable 
areas a carrying capacity of one animal per acre per year has been 
recorded. Numerous legumes grow well with paspalum, among which 
are Spanish clover in zone C;, Kaimi clover in zone D,, and burclover, 
black medie sweetclover, and Indian sweetclover in zone Cy. Occa- 
sional plowing or disking to prevent the pastures from becoming sod- 
bound is desirable. 
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Kikuyugrass and associated legumes.—Kikuyu is widely planted in 
vegetation zones C,, Co, and D,. It will grow at altitudes of as much 
as 6,000 feet. It is readily established by planting sections of the 
creeping stems and forms a good ground cover in a remarkably short 
time. It will stand hard and continuous grazing. One of its great 
virtues is that it will either choke out or greatly retard the growth of 
guava, false vervain, and other pasture pests in the wet zones. It 
tends to form a one-species pasture, however, and many ranchers 
therefore object to it. They also report that it lacks palatability and 
has at nutritive value in some areas, particularly those of very high 
rainfall. 

A number of excellent legumes grow satisfactorily with kikuyu, 
among which are Spanish clover in vegetation zone C,, Kaimi clover 
in zone D,, birdsfoot trefoil in zone Ds, and white clover in zone Ds. 
These associated legumes should do much to increase the pasture value 
of kikuyu. 


Humid-upland mixture. —This mixture of grasses and legumes is 
characteristic of the moist areas at higher elevations. It is adapted 
to vegetation zone D; and the adjoining parts of zone E,. The charac- 
teristic grasses are Kentucky bluegrass, orchardgrass, ryegrass, and 
Yorkshire fog (common velvetgrass); the legumes, white clover, hop 
clover, and vetch. This mixture is equivalent to temperate-zone 
pastures of the Mainland and provides some of the finest grazing on 
the Islands. It can be grazed throughout the year, though occasional 
resting is desirable to permit reseeding and recovery of the legumes 
and the bunchgrasses. 


Napiergrass.—This grass is normally considered a soilage crop, but 
when properly handled it is an excellent grazing species that has a high 
carrying capacity in vegetation zones C; and D,;. It should be planted 
only in fertile areas, and the soil should be well prepared before?plant- 
ing. Grazing management is important. The paddocks probably 
should not cover more than 50 acres, and enough animals should be 
placed in them to graze all the green forage in 45 to 60 days-—generally 
three animals or more per acre. If too few animals are placed in the 
paddock, they tend to graze only around the edges of the forage. 
When essentially all the green leafy forage has been enten, the paddock 
should be rested until a good new growth has developed from new 
basal and nodal shoots (lala) of the old stems. A good paddock can 
be grazed 30 to 50 percent of the time. 

Napiergrass responds markedly to nitrogen fertilizer; the carrying 
capacity often can be doubled by adding 150 pounds an acre of am- 
monium sulfate per grazing. Napiergrass should be considered only 
for intensive grazing, which means small paddocks, careful rotation 
of grazing and growth periods, and, nani application of fertilizer 
for rapid growth. Under this management, the grass has exceptionally 
high carrying capacity. Satisfactory weight gains are reported by a 
number of ranchers. One reports that Napier is valuable in vegeta- 
tion zone C, for carrying his animals through the dry summer months 
when pastures of paspalum and Bermudagrass are dry. A Napier- 
grass paddock should be considered a single-species pasture, for with 
continuous grazing, the Napiergrass soon disappears, 
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Pigeonpeas.—This is another highly specialized type of pasture. 
It is adapted only to productive soils of vegetation zones C, and Cy. 
The soil should be well prepared, and the peas drilled in, usually in 
pairs of rows 3 feet apart, with an interspace of 7 feet to the next pair. 

The pigeonpea is unique as a grazing species in that it is seldom 
eaten except when in bloom or in pod. One of its principal virtues is 
that it increases the vigor of the associated grasses that grow in the 
interspaces. The pigeonpea is not long lived, especially under graz- 
ing. The plants are readily broken by the animals, and replanting is 
necessary every 4 to 6 years. A preliminary topping or light grazing 
when the plant crop is still immature is a desirable way of developing 
a shorter growth with smaller pliable branches. 

Recent experiments indicate that aggressive grasses such as kikuyu 
unduly depress the growth of pigeonpeas. Bermudagrass or volun- 
teer species such as “kukaipua” are better in this regard. Molasses- 
grass which climbs up the pigeonpeas, tends to protect them from 
breakage by animals. 

A pigeonpea paddock used under rotational grazing probably gives 
a faster gain and better finish to fattening animals than any other 
pasture combination. If the rancher is properly equipped with plows, 
disks, and drills, the cost of replanting every 4 or 5 years should not 
be prohibitive when measured in terms of the value of such paddocks. 
Recent selections of pigeonpeas indicate the possibility of a year-round 
podding habit. Under wet conditions, the pigeonpea is too vegetative 
and less palatable. Areas that have dry periods are not adapted to 
this plant. Also, it will not pod satisfactorily &bove about 3,000 feet 


PASTURE DEVELOPMENT AND MANAGEMENT 


Every ranch differs from every other in its layout, and, therefore, in 
the kind of management it requires. The ideal Hawaiian ranch ex- 
tends from a dry lowland zone into the moist upland zones and has a 
proper balance of fattening paddocks and rangeland. The ideal 
ranch would have land distributed in these zones: 

Avena Bees. eee eue Both zones provide seasonal winter grazing; zone 
furnishes excellent fattening land during the 
wetter winter months in arable areas and short- 
term forage of best quality in nonarable areas; 
Cy Cy, and D3___..---- Supply year-round grazing in unimproved areas, 
and fattening paddocks of best quality and 
highest carrying capacity in improved areas. 
The less productive areas in these zones are commonly used for the 
breeding herd and young stock. 

The wet zones, D, and D,, permit year-round grazing and have 
relatively high carrying capacity if planted to the better species. At 
best, however, the forage is none too palatable or nutritious. These 
areas serve best as a source of reserve feed during years when low 
rainfall restricts grazing in other zones. These wet zones also are 
used for the breeding herd and for young stock. Zones E, and Ez, 
with their relatively dry cool climate, furnish feed of good quality in 
the spring months and are commonly used for young stock, 

Ranchers with land located entirely in either the dry or very wet 
zones operate at a disadvantage. A rancher in dry zones continually 
faces the probloms of effectively using the winter forage and of carry- 
ing his animals through the dry summer. An occasional very dry 
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year may result in serious loss of cattle. Ranchers located entirely 
in zone D have no difficulty with dry seasons; actually the years of 
subnormal rainfall are their best. Normally, however, the forage in 
zone D is of poor quality; it is low in palatability and in amount of 
dry matter, and is sometimes deficient in minerals. Animals tend to 
grow more slowly and do not attain a good finish. It is not uncom- 
mon for ranchers holding land only in either extreme of climate to 
lease land on the opposite side of the island. They drive the animals 
from one place to the other, or haul them by truck. 

A rancher who lacks balance in improved pasture and grazing land 
or who has holdings entirely in the wet or dry zones might better sell 
his cattle at an earlier stage than attempt to finish them. This is 
being practiced to some extent, though the local market does not show 
much discrimination against poorly finished carcasses. 

Pasture development.—Trees and shrubs must be cleared from most 
areas in Hawaii before pasture can be developed. Except in the forest 
reserve, the original forest has largely disappeared and has been re- 
placed by various shrubs. The species vary with the zone—guava and 
false vervain in vegetation zones D; and De, guava and lantana in 
zone C, and lantana and cactus in zone B. 

Formerly, these shrubs were cleared largely by hand at costs of $50 
to $100 an acre, More recently, heavy tracklayer tractors fitted with 
bulldozers have been widely used. Some ranchers equip the bull- 
dozers with special teeth to root out the guava. Others break down 
and tear loose the shrubs by pulling heavy steel bars or cable chains 
over them with a tractor. Slopes up to 30? can thus be cleared 
mechanically, even when the amount of stones and rocks on the surface 
of the soil is appreciable. 

The areas of relatively deep rock-free soils are plowed, normally 
with a gang disk plow, because a moldboard plow will not scour. 
The most universal tool, however, is & very heavy cutaway disk- 
harrow plow. This will operate on sloping land and on soils with 
considerable loose stone. It will knock down shrubs of appreciable 
size in the first operation. With a second or third disking, the shrubs 
are broken up and the land is sufficiently stirred to permit seeding. 

The very steep or rocky areas that cannot be cleared mechanically 
are used “as is," or sometimes cleared by hand, though present labor 
costs ordinarily make hand clearing prohibitive. 

In planting pastures, the seed is almost always broadcast, either 
by hand or by the use of small mechanical broadcasters. A few drills 
are used, but the terrain is generally not suited. Vegetative material 
of many species is used instead of seed. Depending on the species, 
it is either broadcast and disked in or planted in rows. Planting of 
cuttings or stool divisions is generally more costly than seeding, but 
it gives a surer stand and more rapid development of the plants. 
For some of the important species, true seed is not available. In 
dry areas rangelands are rather often seeded by mixing the seed with 
molasses that is fed to the animals. The seed thus fed is scattered 
in the droppings. 

Keeping plant pests from overruning pastures is one of the major 
problems in most vegetation zones. This can be accomplished mechan- 
ically in areas where such equipment can be operated. The power 
mower is used rather extensively in the short-grass pastures; one or 
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two mowings a year are sufficient to keep down the shrubs. In the 
rougher areas, drag chains are used. Periodic plowing or use of the 
cutaway disk-harrow plow is effective in reducing the shrubs and 
renovating the pasture. 

The rancher often selects species for planting according to their ability 
to hold undesirable shrubs in check. Kikuyugrass is widely planted 
in vegetation zone D, because it can choke out or greatly retard the 
growth of guava and false vervain. Napiergrass is sometimes planted 
because it shades out these pests. Molasseserass is seeded on freshly 
cleared areas, as it grows so rapidly 1t tends to smother the seedlings 
of many pests. Guineagrass, in areas where it spreads by natural 
seeding, will gradually eliminate lantana. 

Of the chemical weedicides, arsenic compounds and sodium chlorate 
have not proved practical. Recent tests with the 2,4—D type of herbi- 
cides have shown some promise, especially on land too rough or too 
steep for mechanical operations. Weed killers may also be found 
practical in eliminating scattered stands of a plant pest that would 
reinfest newly established pasture. Where machinery can be used, 
it probably is more practical to kill or control most of the woody 
perennial plant pests by cultivation than by chemicals. This is espe- 
cially so where the pests occur in large quantity. Biological control 
is particularly effective in Hawaii; it has been at least partly successful 
with pamakani, lantana, and cactus. 


Pasture management.—Grazing management of the individual 
paddocks and the ranch as a whole is dependent on many factors. 
Each ranch is a self-contained unit; the grazing it provides is the sole 
source of feed for the beef cattle. The location of the ranch and the 
season are therefore of great importance. On the balanced ranch, 
one that has land in both dry and wet zones, each paddock has a 
special use—for the breeding herd, the young stock, or the fattening 
of animals. The animals are moved to the dryland paddocks during 
the rainy winter periods, and to the wetter paddocks during the 
summer. Variations i in yearly rainfall obviously have an important 
effect. If rainfall is unusually high, the herd remains longer in the 
normally dry zones; in years of low rainfall, the entire herd is moved 
to the wetter paddocks. 

Within the limits the fluctuating production of forage permits, cer- 
tain grazing management practices are followed. In the dry vegeta- 
tion zones À and B, the animals are grazed primarily on the succulent 
annuals that spring up after a rain; after this is grazed down they 
are removed, Care is taken to prevent overstockmg the improved 
pastures. 

The paspalum, Bermuda, or kikuyu pastures of vegetation zone C 
can be grazed throughout the year. Mixtures in zone Cs containing 
annual species such as bromegrass, burclover, and black medic and 
Indian sweetclovers should be undergrazed during summer to permit 
reseeding. 

The grass pastures of vegetation zone D; should be grazed through- 
out the year to keep the grass young and palatable. Most species 
tend to become unpalatable in these wet regions when they are mature, 
and, with understocking, the animals tend to graze only the small 
immature areas. The pastures of zone D; will also stand continuous 
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grazing, though occasional resting or light grazing is necessary to 
permit reseeding and the recovery of the legumes and bunchgrasses. 

Unless they are grossly abused, most of the perennial pastures in all 
the vegetation zones will persist indefinitely. In the more arable 
parts, occasional plowing or disking is practiced. This breaks up the 
dense sod and greatly stimulates the annual species. If the need is 
apparent, additional sced of the annual species is added. Plowing or 
disking also destroys or reduces undesirable shrubs and less desirable 
erasses such as rattail, which tend to become dominant as the soil 
becomes compacted. 

On Hawaiian rangeland mineral fertilizers are little used to encour- 
age growth of legumes. Some experimental evidence indicates that 
fertilizer can be recommended for certain areas. Information to date 
is about as follows: In vegetation zones A and B fertilizers are seldom 
of value, as the soils are generally fairly well supplied with the needed 
elements. Plants in zone C seldom respond to lime, but they generally 
do respond to phosphates. Phosphates are rapidly fixed by the soil, 
however, and reapplication may be required at intervals of 2 or 3 
years. In zone D, most legumes respond to both lime and phosphate, 
although little is known as to the amounts required or the duration of 
their effect. Occasional response has been obtained from potash in 
zones C and D,. It is often possible to select a legume adapted to a 
low pH and low levels of available phosphate; for example, Kaimi 
clover in zone D, birdsfoot trefoil in zone D;, and perhaps acid-tolerant 
strains of white clover in zone Ds. Itisoften noticed that the perennial 
legumes, though initially stimulated by fertilizers, will make normal 
erowth without fertilizer once they have become established. 


PASTURE BY VEGETATION ZONES! 


The typical Hawaiian ranch is a strip of land extending into several 
markedly different zones, each with a distinctly different natural 
vegetation. The methods of pasture and range improvement and the 
species recommended vary with the zone, as does the use and manage- 
ment. The climate, as typified by the vegetation zones, is without 
question the dominant factor m pasture use and development. Any 
consideration of Hawaiian pastures therefore should be made with 
reference to the vegetation zones. 

In the following pages cach vegetation zone is discussed as to (1) 
major soil groups represented, (2) natural vegetation, (3) forage 
species in both improved pasture and natural range, and (4) grazing 
use and valuo of the vegetation. Only general mention of great soul 
groups is made, as information on relation of pasture vegetation to 
the soil groups and their member soil families is given in the section 
on Pastures and Soil Groups. 


1 As explained in the section on Soils and Vegetation, there are 5 climatic zones 
and 5 vegetation zones, coextensive in area. Both classifications are identified 
by the letter symbols A, B, C, D, and E. Climatie zones are not subdivided, 
but 3 of the vegetation zones are divided into vegetation phases, so as to make 10 
vegetative groups, A, B, Ci, Cs, Ds, Ds, Ds, E, E» and E. “Low phase" and 
like terms used to identify a vegetation group are used only in the section on Soils 
and Vegetation. Here, and in the rest of the report, the 10 vegetation groups are 
called vegetation zones, so as to avoid confusion of soil phases with vegetation 


phases. 
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Zone A.—-In this zone are several great soil groups that occur on 
the coastal fringes of the islands—Regosols, Gray Hydromorphic 
pode. Dark Magnesium Clays, and small pockets or strips of Alluvial 
soils. 

Predominant on the sloping areas above the coastal fringes are 
Low Humic Latosols, small areas of Reddish Brown soils, and many 
areas of comparatively barren Lithosols. 

Arable soils in this zone are used for sugarcane wherever water is 
available. Practically all the rest of the land is pastured. Pastures 
in this zone vary a great deal in natural cover and in grazing value. 
In general they can be divided as those occurring on (1) flat land lying 
mostly along the coast, (2) sloping areas above the coastal flats, and 
(3) relatively barren areas of Lithosols. 

The flat lands adjoining the coast are of greatest importance 
because in most areas they are covered with algaroba trees and 
associated species. In these low areas algaroba trees are able to get 
moisture from the water table that lies only a few feet below the 
surface. The algaroba is tremendously valuable in these hot, dry 
areas. It furnishes nutritious pods during summer when the grass is 
dry. If algaroba is kept properly thinned out, the undergrowth of 
annual grasses and herbs provides considerable forage. 

The sloping lands above the low-lying areas constitute a serious 
problem. Algaroba extends up the slopes to some extent but pro- 
duces & much smaller yield of pods than in the flats below. There is 
no permanent grass cover, and most of the soils are severely eroded. 
The sparse annual rainfall tends to be concentrated in deluges, which 
run off before the soil can absorb much moisture. Moisture is not 
sufficient for koahaole or for any of the common perennial grasses. 
The only forage species of value at present are annual grasses and 
herbs, principally piligrass, swollen fingergrass, and, in partial shade 
of the algaroba trees, bristly foxtail and Australian saltbush. 

Pasture use and management —Not much has been done to develop 
pastures in vegetation zone A, Any soil preparation on the sloping 
lands adds to the danger of water crosion on the lee side of the islands, 
or to wind erosion on the mountain shoulders. Broadcast seed gene- 
rally fails to produce a stand, even on prepared land. The young 
seedlings do not survive the long dry periods. In favored spots some 
success has been attained by planting stool divisions of Guineagrass 
and mature stems of giant Bermuda. An annual species, feather 
fingergrass (Chloris virgata), is useful on much of the area, It germi- 
nates and grows rapidly after a rain, and will produce seed in a very 
short growing period. It has produced considerable ground cover on 
many places formerly barren, and provides forage of fair quality. 
The perennial grasses that stand best chance of survival are fuzzy top 
(Andropogon barbinodis) and buffelgrass (Pennisetum ciliare). 

Gullies in this zone are sometimes more productive than the normal 
slopes because moisture and surface soil from the slopes above are 
somewhat concentrated in them. Sometimes koahaole, Guineagrass, 
and piligrass pastures of high quality can be developed in gullies. 

On the coastal flats it is a good practice to thin out the algaroba 
periodically. Thinning increases the yield of pods and encourages 
the growth of bristly foxtail and Australian saltbush. Guineagrass 
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and giant Bermuda will often thrive under the partial shade of the 
trees. 

Ranchers that have land both in the coastal areas occupied by alga- 
roba and in the sloping areas can carry their animals through much 
of the yearin this zone. During summer the animals eat the algaroba 
pods and dry or partially dry grasses under the trees, and during 
winter they graze up the slopes. Most of the sloping land can be 
grazed for only short periods during winter. Its carrying capacity is 
low, but the forage is of good quality. The better areas of sloping 
land are used for fattening animals, 


Zone B.—Low Humic Latosols are the major soil group in this zone; 
five of the seven soil families in that group are represented. Normal 
soils of the Low Humic Latosol families are in most instances used 
for sugarcane or pineapple, but considerable areas of eroded and 
shallow soils in those families are pastured. 

Humic Ferruginous Latosols are prominently represented in this 
zone, and an appreciable acreage of the eroded soils in this group is 
used for pasture. Red Desert soils extend into this zone in places. 
The Reddish Brown soils are predominantly located in this zone and 
are important for grazing. Soils of the Gray Hydromorphic group, 
of the Dark Magnesium Clays group, and of the Alluvial group are 
important along the coastal areas but are used mostly for cultivated 
crops. The sparsely covered Lithosols occupy larger areas. 

Pastures in this zone are markedly superior to those in most. parts 
of vegetation zone A. Rainfall is considerably greater than in zone 
A, and the growing period is correspondingly longer. Where coastal 
flats occur, the algaroba association is similar to that of zone À. The 
koahaole-Guineagrass association has its greatest development in this 
zone. In most places the koahaole-Guineagrass combination can be 
established by direct seeding, even on undisturbed soil areas. 

The annual species found in zone A also occur in this zone. Peren- 
nial grasses such as Bermuda and. fuzzytop and other Andropogons 
will persist in the more favored locations. Annual legumes such as 
burclover, Indian sweetclover, and Spanish clover make some growth. 
Appreciable areas of moderately steep, eroded soils adjoining vegeta- 
tion zone A are devoid of good perennial species, but many of the 
very stony soils are quite productive. The many gullies that occur 
between arable sections can be developed into productive pastures of 
Guineagrass, koahaole, piligrass, and molassesgrass. 

Pasture use and management. —This is the zone in which cactus and 
lantana make their greatest growth, and with these occur other unde- 
sirable shrubs such as klu, opiuma, and Hawaiian holly. Clearing 
away these shrubs is & major problem, especially on the rocky or 
stony soils, which are very common. Use of bulldozers, chain drags, 
and heavy cutaway disk plows has been of great importance in pasture 
development. In arable areas the soils can be safely plowed and 
planted. 

Land in this zone forms an important part of many ranches. The 
forage is of unusually high quality. Improved pastures are grazed 
throughout the year. The animals gain well on the partially or 
completely dry forage consisting of Guineagrass and other species. 
Seasonal grazing of the poorer areas where annuals predominate is 
similar to that of zone A but usually lasts much longer. 
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Zone C;.—4A great variety of soils are represented in this zone. Al 
of the families in the Low Humic Latosol group except the Molokai 
are present, and in wetter parts occur areas of Humic Latosols and of 
those soil groups in the intrazonal order. The Humic Ferruginous 
Latosols are prominent on the islands of Kauai and Oahu. 

This is the most desirable of the lowland zones for pasture. Ber- 
mudagrass is the basic species throughout the zone, but other peren- 
nials such as paspalum and kikuyu are equally well adapted. Moder- 
ate rainfall and normally dry summers permit the growth and seeding 
of legumes such as pigeonpea, Spanish clover, and burelover. Kaimi 
clover also thrives. ‘The robust Napiergrass and panicum are well 
adapted. 

Pasture use and management.—Pastures in vegetation zone Cj 
represent the best combination of high carrying capacity, year-round 
grazing, and forage of high quality. The rancher can be selective as to 
type of pasture he wishes to develop and as to the species he chooses. 
He may select any one of the several short-grass types such as Ber- 
muda, paspalum, or kikuyu for use with associated legumes, or choose 
the special-purpose types of forage such as Napiergrass or pigeonpeas. 
Unfortunately for the rancher, however, most of the arable land is 
used for sugar and pineapple and, as a whole, vegetation zone C; is 
not so important to ranchers as zone Cs. 


Zone C,—'This vegetation zone has the same desirable climatic 
characteristics as zone Cj, but the soils and many of the important 
grazing species are different. The major soil group is the Reddish 
Prairie, though Reddish Brown soils are important on the island of 
Hawaii. In wetter parts of this zone are small areas of Latosolic 
Brown Forest soils, Humic Latosols, and Hydrol Humic Latosols. 

Much of this vegetation zone was once forested, though it now 
appears to be natural grassland. Guava and lantana, so common in 
the lowlands, are sparse or absent except in those parts bordering 
vegetation zones B and D. Upland shrubs are generally easily held 
in check by the agressive dominant grasses, though on the island of 
Maui, pamakani and Sacramento-bur are troublesome. Cactus has 
gradually extended into this zone from lower elevations. 

Since this zone lies at altitudes above those adapted to sugar and 
pineapple, relatively large areas of arable land on the islands of Maui 
and Hawaii are available for pastures. In the aggregate, it is the most 
important zone for ranching on the Islands. Bermudagrass is the 
natural dominant, though paspalum has been widely planted. Brome- 
grass and the annual legumes—burelover, black medic, and Indian 
sweetclover—make their best growth here. Toward wetter parts of 
the zone, white clover and vetch are important. At altitudes below 
3,000 feet, pigeonpeas are well adapted. Koahaole and Guineagrass 
are adapted at elevations below 1,500 feet. 

Pasture use and management.—Pastures in this zone can be grazed 
throughout the year, as contrasted to the part-time grazing in the 
drier areas. The better parts are generally used for fattening paddocks, 
which are either rested periodically or undergrazed so as to permit 
reseeding of the annual species. The mature forage in full seed pro- 
duces rapid gains in weight and fine finish. Periodic plowing at 
intervals of about 5 years is practiced by some ranchers. The plowing 
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remarkably stimulates the growth of annual grasses and legumes, 
which otherwise are gradually depressed by the aggressive sod grasses. 

Nonarable parts of this zone can be made productive by broadcast 
seeding on the undisturbed soil, or after treatment of the soil with the 
cutaway disk plow. Most of this zone will support a good legume 
population without fertilizer if pastures are properly handled, but 
phosphate often stimulates growth markedly. In some areas the 
pastures probably also will respond to potash. 

Controlled grazing is of utmost importance in maintaining legumes 
in the stand. Many ranchers graze pastures in this zone hard and 
continuously. The result is a pasture without legumes, or at best, only 
a weak growth of them. Thin or compacted soils under such use often 
become almost entirely ‘‘rattail pastures,” which are normally second- 
rate or worse. Much can be done to make these poor pastures pro- 
ductive. A good combination consists of soil preparation to reduce 
the rattail, applying phosphate, seeding with grasses and legumes, 
and then periodic rest from grazing. On some ranches this method of 
management would require dividing larger paddocks into smaller ones. 

In this zone there are extensive areas consisting of a thin layer of 
soil derived from ash over partly decomposed lava. These areas are 
not so productive as the deeper soils, but they generally support the 
same pasture species. In the drier parts, Natal redtop is of marked 
importance. 


Zone D,.—This is a high rainfall zone. The soils are primarily 
Humic Latosols and Hydrol Humic Latosols, but Humic Ferruginous 
Latosols are important on the island of Kauai and in one section on 
the island of Maui. Small areas of Gray Hydromorphic soils occur 
in the coastal areas, and Alluvial soils as well. 

This zone is not of great importance to the livestock industry at 
present, but it offers important possibilities of development. Some 
extensive areas formerly in pineapple are still essentially clear of shrubs 
and include a relatively high proportion of land that can be worked 
by machinery. Other areas have a dense growth of.guava, the dom- 
inant shrub in this zone. The cost of hand clearing such growth 
formerly was prohibitive, but present heavy equipment makes clearing 
feasible. Abandonment of a sugar plantation in this zone offers 
possibilities for development of pasture. 

Hilograss is dominant on nearly all of this zone, and with it occur 
lesser amounts of ricegrass, yellow foxtail, and earpetgrass. All of 
these plants are of low palatability and are normally rated only as 
maintenance feed. Of the planted species, paspalum is adapted to 
essentially all the areas of better soil. Many long-established pastures 
consist primarily of paspalum. 

Pasture use and management.—The present tendency is to plant 
kikuyu instead of paspalum, as it is more easily and speedily estab- 
lished and has markedly greater ability to check the growth of guava 
and false vervain. Including a legume of good grazing value in these 
wetland grass pastures is important. Kaimi clover is an appropriate 
legume, as it is well adapted, palatable, persistent under grazing, and 
able to survive even when planted with such aggressive species as 
kikuyu. Other promising species are members of the Desmodium 
group. Legumes in the pasture stand do much to increase the 
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palatability and nutritive value of the forage and provide a better 
mineral balance for the livestock. 

Koahaole is adapted to only the well-drained coastal areas or sides 
of gullies in this zone. The pigeonpea often makes excellent vegetative 
growth, but podding is frequently sparse. Ranchers often report that 
both of these legumes are lightly grazed on these wet lands. Napier- 
grass is well adapted to the more fertile parts of the zone, and most 
plantings of it used for grazing are located here. Panicum occurs 
naturallv in many places, especially on the heavy or poorly dramed 
Gray Hydromorphic soils, Dark Magnesium Clays, or abandoned 
Paddy soils. 

Phosphate and lime normally bring a response from legumes in this 
zone. This is especially true of annual legumes of the Trifolium and 
Medicago groups. In this zone annual legumes do not regenerate 
by natural seedings. Apparently the seed does not cure properly and 
tends to decay under the warm humid climate. There is evidence 
that Kaimi clover will make satisfactory growth without mineral 
fertilizer on many of the better soils in this zone. Nitrogen fertiliza- 
tion greatly increases the amount of forage produced by Napiergrass 
pastures or other pastures consisting dominantly of grass. 

Steep sides of gullies in this zone are of little use for pasture. The 
cost of hand clearing the dense growth of guava and other shrubs is 
generally prohibitive. Partial clearing and planting to kikuyu for the 
purpose of holding shrub pests in check is probably the best procedure. 
Thin soils and eroded areas are also of low value. 

Grass pastures in this zone may be grazed continuously. Actually, 
the forage is of better quality if the grass is kept immature. Even 
Hilograss is well eaten if the pasture is mowed or cropped short at 
intervals. 

The unimproved pastures, made up principally of Hilograss and 
ricegrass, are of low forage value and are gencrally used for the breed- 
ing herd and young stock. They are of value to a ranch as a source of 
reserve feed during dry periods when forage is short in the drier zones. 
Animals seldom attain a proper finish when fattened on the unim- 
proved pastures of this zone. The best practice for a rancher without 
better pastures is to sell his stock as feeders. 

Though experimental data are limited, mineral deficiencies probably 
inhibit animal growth and reproduction in parts of this zone. The 
best answer to this seems to be planting of better grasses and including 
legumes, especially Kaimi clover, in the pasture mixture. Feeding of 

alt and mineral supplements to grazing animals should be universal 
practice in most parts of this zone. 


Zone D,.—This is the zone of highest rainfall, and it is dominated 
by soils of the Hydrol Humic La tosol group. The drier parts contain 
some soils of the Humic Latosols group. Tho zone is largely in the 
forest reserve. Much of the area not in the forest reserve is covered 
with forest, or in more open areas, with scrub trees, tree fern, staghorn 
fern, and guava. Hilograss, ricegrass, and sedges predominate in the 
cleared areas. 

Kikuyu has been planted rather extensively. Apparently it is the 
best grass for the zone, but some ranchers report that it has little value 
when grown in regions of such high rainfall. Agrostis alba (redtop) 
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is also well adapted. Molassesgrass makes robust growth but seldom 
persists in this zone under grazing. A species known locally as 
Nahikugrass (Ischaemum ciliare) is possibly suitable, as well as 
Urochloa pullatans. The rather extensive spread of birdsfoot trefoil 
(Lotus angustissimus) in one pasture of kikuyu gives hope that this 
species may have general adaptability to this zone. 

This zone is of little pasture value except as a source of reserve feed 
during dry periods. The forage is of low quality, and in much of the 
area the soils are waterlogged or boggy. Nevertheless, the better 
drained and drier parts are worth developing for pasture. 


Zone D;.—This is a wetter counterpart of vegetation zone Ca. The 
soils are predominantly of the Latosolie Brown Forest group, though 
some soils of the Hydrol Humic Latosol and the Reddish Prairie 
groups occur in those parts adjoining zones D; and C». 

Most of the areas that have deep enough soil and can be reached by 
animals are developed into pastures. Originally, the zone was covered 
with ohia or koa forests. Once cleared, there is little difficulty in 
keeping the pastures free of noxious shrubs. The best pasture 
mixtures are in many respects the same as those found in humid, 
northern parts of the Mainland. Kentucky bluegrass, orchardgrass, 
Yorkshire fog (common velvetgrass), and ryegrass are the permanent 
grasses. The legumes are white clover, hop clover, and vetch. Some 
of the more tropical grasses, such as paspalum and kikuyu, are likewise 
adapted. The annual legumes—burclover, black medic, and Indian 
sweetclover—generally are not present. 

Pasture use and management.—P asture management is important in 
this vegetation zone. With excessive grazing, the desirable mixture of 
temperate grasses is gradually displaced by rattail, native fescues, and 
sweet vernalgrass. In most pastures periodic resting or light grazing 
is vital if a good mixture is to be maintained. Plowing or disking, 
followed by reseeding, is necessary for badly depleted pastures. 

Much of the land in this zone is relatively steep and moderately 
dissected. There are considerable tracts of lava covered with a thin 
layer of soil derived from volcanic ash. The part actually arable is 
small. Good pasture generally can be developed by disking, seeding a 
good pasture mixture, and then practicing judicious grazing. Good 
pastures also can be developed by seeding without any treatment of the 
soil and then grazing carefully. 

In summary, this zone is of limited extent but contains some of the 
finest fattening paddocks on the Islands. These paddocks represent 
the “heart of the ranch,” especially for those ranches on the windward 
side of the mountains, 


Zone E,.—The soils of this zone largely belong to the Latosolic 
Brown Forest group. Only small areas of Reddish Prairie soils are 
found. A large part of the area occupied by Latosolic Brown Forest 
soils consists of a shallow or very shallow deposit of volcanic ash over 
relatively undecomposed lava. There are extensive areas of Lithosols, 
consisting of almost bare undecomposed lava, and of Regosols, con- 
sisting of undecomposed ash. 

The natural cover for this zone is grass in open areas, and inter- 
spersed among the open arcas, growths of koa, mamani, and naio 
trees. Puakeawe is common, and on the island of Maui, pamakani 
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is prevalent. The native grasses—mountain pili, mountain lovegrass, 
heupueo, and brome fescue—make up most of the undergrowth. 
In recent years sweet vernalgrass has spread over much of the area. 
The native grasses are of low forage value, but where the soil can be 
stirred, some of the best temperate-zone species can be established. 
Among these are Kentucky bluegrass, Yorkshire fog, ryegrass, brome- 
grass, white clover, and hop clover. In places, puu lehua and sheep- 
grass predominate. In those parts of the drier section where the soils 
are thin, Wallabygrass and rabbitsfoot clover have established 
themselves. 

Improved parts of this zone provide excellent pasture, though the 
carrying capacity is considerably lower than in adjoining parts of zones 
D; and C,. Grazing is also more seasonal and generally is best in 
spring and carly insummer. Lack of drinking water for livestock is one 
obstacle to use of the zone in most places. The animals depend 
primarily on dew, which collects on the grass, especially on the pubes- 
cent leaves of Yorkshire fog. 


Zones E; and E;.— These vegetative zones consist almost entirely of 
Lithosols and Regosols and are of essentially no value for grazing. 


PASTURE BY SOIL GROUPS 


Within each vegetation zone occur a number of great soil groups that 
add much needed detail concerning use for pasture. The kinds of 
pasture on the various great soil groups are discussed in the following. 


Low Humic Latosols.—The seven soil families of this group have 
so wide a range in location, rainfall, and altitude that pasture is 
separately discussed for the individual families. 

Molokai family (N1).—This is the driest family in the Low Humic 
Latosol group. It is located in vegetation zone A and in the driest 
parts of zone B. Except for the coastal fringe of algaroba, the vege- 
tation is sparse. The soils available for pasture are generally eroded, 
and few areas have any permanent grass cover on them. In most 
parts this family is too dry for koahaole or other desirable forage 
legumes. Except for the nearly level areas, plowing or other soil 
preparation results only in accelerated erosion. 

The principal forage species are algaroba along the coastline, and 
associated with it, bristly foxtail, swollen fingergrass, Australian 
saltbush, and native panicums. — Piligrass occurs sparsely as an annual. 
Feather fingergrass and buffelgrass (Pennisetum ciliare) appear to 
be worthwhile additions. Gullies in the dissected areas sometimes can 
be developed by planting koahaole and Guineagrass, but persistence 
of the stand is generally uncertain. The coastal fringe of algaroba 
accounts for the principal grazing value of this zone. 

Lahaina family (N2).—This family occurs principally in vegetation 
zone B and receives appreciably more rainfall than the Molakai. It 
seldom touches the coastline, hence algaroba is of little importance. 
In most places the cover of natural vegetation is much greater than 
on soils of the Molokai family. Lantana and cactus form dense 
thickets in some locations. Bermudagrass provides a good cover at 
higher altitudes. Natal redtop is exceptionally prevalent. Piligrass 
is à perennial that grows on this family. Koahaole makes excellent 
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growth on the noneroded soils below about 1,000 feet. Some of the 
best koahaole-Guineagrass pastures are on soils of this family. The 
sloping areas are subject to erosion. Destruction of the existing 
vegetation and plowing should be undertaken with caution. 

Pastures of good quality can be established in many places by 
seeding on the undisturbed soil. With careful grazing, koahaole, 
Guineagrass, Natal redtop, and piligrass will increase in the stand by 
natural seeding. The gullied and rocky soils of this family sometimes 
can be developed into good pastures. 

Waialua family (N6).—In pasture value, this family is similar to 
the Lahaina family. 

Wahiawa, Kahana, Kohala, and Waimanalo families (N3, N4, N5, 
and N7).—These families occur in vegetation zone Ci, which is wetter 
than those for the families already described. On the lee sides of the 
islands they occur at higher levels on the mountains, but on the 
windward sides they are at or near sea level. The cover of vegetation 
is excellent in most places. Guava, and to a lesser extent, lantana 
are the common shrubs. The Bermudagrass and paspalum types of 
pasture are well adapted, as are koahaole and Guineagrass at the 
lower elevations. Erosion control is seldom a serious problem in 
such pastures. 


Humic Latosols.—'The several families of this group are located 
primarily in vegetation zone Di, and in the wetter parts of zone Ci. 
Therefore, they have many pasture characteristics in common. Guava 
is the dominant shrub. Pasture development and maintenance is 
primarily a matter of eradicating the guava and preventing reinfesta- 
tion. The pastures have a potentially high carrying capacity if kept 
relatively clear of guava, but the forage they produce is generally 
of low quality. 


Kaneohe family (A1).—'This family extends over a considerable 
range in altitude and rainfall. The most extensive areas arc on the 
windward sides of the islands of Oahu and Maui at low elevations. 
The normal soils can be developed into good pastures consisting of 
either paspalum or kikuyu, with Kaimi clover as the legume. The 
carrying capacity of such a grass-legume mixture is high, and it can 
be grazed almost continuously through the year. The forage quality 
of this grass-legume mixture should also be good, especially for 
breeding stock, and to a limited degree for fattening animals. 

The naturally occurring Hilograss pastures are regarded as having 
only maintenance value. Panicum grows exceptionally well on the 
normal soils. Panicum, used either as cut forage or for grazing, is the 
major source of roughage for dairies in the Kaneohe district on the 
island of Oahu. Napiergrass is also well adapted, and several ranches 
are making extensive plantings on the island of Maun. 

Much of the area occupied by this family is dissected. Generally 
the sloping lands, particularly those previously cropped and subjected 
to erosion, are of considerably lower value than the normal soils. 
Commonly, ricegrass and yellow foxtail are the dominant grasses on 
these eroded soils. In the better parts, paspalum and kikuyu can be 

. established on the eroded soils, but they grow less vigorously than on 
the normal soils. 
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Ranchers and dairymen commonly state that many of the legumes 
such as koahaole and pigeonpeas, which are well eaten in the drier 
zones, are scarcely touched by grazing animals in this zone. 

Honolua family (A2).—'This family has much higher rainfall than 
the Kaneohe. Little of it is used for sugarcane or other cultivated 
crops. Many of the areas with lower rainfall are dissected. There are 
several large tracts on the islands of Kauai and Maui, but the high 
rainfall and elevation prevent use of these for cultivated crops. 

Good pastures are considerably more diffieult to develop on this 
family than on the Kaneohe. On some of the better soils, however, 
Napiergrass, paspalum, and kikuyu have grown satisfactorily. Kaimi 
clover is establishing itself in places. Preliminary experiments 
indicate that this legume responds to both lime and phosphate. 

Sloping or eroded soils of this family are generally very poor and 
probably cannot be improved much. The naturally occurring grasses 
have exceedingly low forage quality, but where pastures of better 
grasses und legumes can be established, they are valuable adjuncts 
to a ranch. 


Paauhau and Ookala families (A4, A5)—These families on the 
windward slope of Mauna Kea are used entirely for sugarcane. 

Kopoho family (A9).—This family consists of relatively young soils 
derived from volcanic ash. They approach the desirable Latosolic 
Brown Forest soils in productivity. Relatively large tracts occur in 
the Hana district on the island of Maui and in the Kau and Kapoho 
districts on the island of Hawaii. Except for small areas of sugar in 
the Kau district, and of coffee in the Kona district, these desirable 
sous are used primarily for pasture. A considerable part of this 
family consists of shallow or very thin soils overlying lava. 

Pastures in this family reflect the good quality of the soils. With 
few exceptions, paspalum, kikuyu, Napier, and panicum make 
vigorous growth. Even the shallow soils are productive. Kaimi 
clover and other legumes are well adapted, the suitability of any 
particular one being dependent on the altitude. 


Hydrol Humic Latosols.—This soil group occurs in areas of very 
high rainfall. Itis primarily in forest and is used for grazing only on 
the island of Hawaii. In the Kohala district, on the windward slope 
of Mauna Kea, and in the Kilauea and Kona districts, some areas are 
used to limited extent for pasture. 

Honokaa family (K7).—Several ranchers in the Kohala, Waimea, 
and Hamakua districts have developed soils of this family to a con- 
siderable extent for pasture. They used the improved pastures for 
grazing young stock and as reserve paddocks for dry years. Kikuyu 
has been the grass most commonly planted. In much of the area the 
naturally occurring Hilograss association is used.  Birdsfoot trefoil 
(Lotus angustissimus) has been found to grow well with kikuyu and 
should be a valuable addition. 

Hilo and Akaka families (K6, K8).—Soils of these two families re- 
ceive the highest rainfall of the Hydrol Humie Latosols group, and 
their pasture value is correspondingly the lowest. This is particularly 
true of the shallow soils on the windward Kilauea slope. In most 
places it is not possible to establish the desirable pasture species. 
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Kealakekua family (K10).— This is probably the most desirable 
member of the Hydrol Humic Latosols group from a soils standpoint. 
In the Kona district, areas of this family have been cleared in many 
places and planted to kikuyu. 


Humic Ferruginous Latosols.—The occurrence of this soil group 
bears little relation to the vegetation zones. It is found in vegetation 
zones B, C, and D. In some instances, the same family occurs 
throughout this wide climatic range. The soils are generally of low 
fertility and are most susceptible to erosion. Although sugarcane 
and pineapple are grown on them in places, fairly large areas once used 
for these crops have been abandoned. Permanent pasture appears 
to be the best use for soils of this group, and it has definite advantages 
as a means of controlling erosion. 

In most localities Humic Ferruginous Latosols lie just above or 
adjacent to the Low Humic Latosols. The characteristic natural 
vegetation is generally similar to that of adjoining families in the Low 
Humic Latosol group. Where Humic Ferruginous Latosols extend 
into vegetation zones C; and D,, the vegetation is characteristic of 
those zones. 

Mahana family (T1).—On the island of Hawaii sheet and gully 
erosion of this soil family is evidenced by scant vegetation and barren 
areas. In small depressions containing good soil, paspalum, molasses- 
grass, and Natal redtop have grown well. The redtop has spread con- 
siderably, It seems probable that fairly good pasture can be devel- 
oped on soils of this family once a protective grass cover has been 
established to control erosion. 

Naiwa, Haiku, and Puhi families (T2, T3, T4).—These families 
have a better vegetative cover than the Mahana family, but erosion is 
apparent in places. On the island of Maui occurs a relatively large 
tract of the Haiku soils located in the drier part of vegetation zone D. 

The naturally occurring Hilograss and ricegrass association on soils 
of these families is of low forage value, but, in the better parts, excel- 
lent pastures of paspalum, Napier, and panicum are being developed. 
Kaimi clover is spreading naturally throughout the area. In the drier 
parts, koahaole and pigeonpeas grow well. In fact, the drier areas 
should have possibilities of considerable development because the 
terrain is generally favorable. The distribution of rainfall is excep- 
tionally even throughout the year, and very wet or exceptionally dry 
periods are few. 


Red Desert soils.—Relatively small areas of soils belonging to this 
roup occur near Koko Head on the island of Oahu, and in the lower 
lupalakua arca on the island of Maui. On the island of Hawaii an 

extensive area occurs on the lee side of the Kohala Mountains on the 
Waimea plateau. 

Red Desert soils are found only in vegetation zones A and B. The 
plant cover is rather sparse, and on the sloping land erosion has been 
considerable. The soils are generally of high fertility, however. On 
the coastal flats and gently sloping areas, alzaroba makes good growth, 
and in places koahaole makes excellent growth. The various annual 
grasses and herbs grow vigorously after a rain. 

The rocky lands below Ulupalakua support an exceptionally good 
growth of piligrass, koahaole, Natal redtop, and feather fingergrass. 
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The eroded slopes on the island of Hawaii present the serious problem 
of getting enough plant cover to hold the soil. At the higher altitudes, 
however, there is a fairly good cover of Natal redtop, piligrass, and 
numerous annual weeds and grasses. Cactus forms thickets in 
places. 

Reddish Brown soils.—Small areas of these soils occur on the islands 
of Kauaiand Oahu. On Maui there is one large area in the lower Kula 
district. On the island of Hawaii several pockets occur in the Kona 
district and an extensive area is found on the leeward side of the 
Kohala. district and on the Waimea plateau. 

Soils of this group oceur mostly in vegetation zone B, but on the 
Waimea plateau they extend well up into zone Cs, and at South Point, 
down into zone A. The vegetative cover is generally excellent, though 
itis sparse on some of the shallow soils and in the very dry South Point 
area. Cactus has become a very serious pest, and so far no econom- 
ical way of eradicating it has been developed. Lantana is prevalent 
but can be eradicated mechanically in most places. 

In the coastal areas, especially in the Kona district, koahaole and 
Guineagrass are important for grazing. Natal redtop is widely distrib- 
uted and has been of great value in providing a good cover for some of 
the shallow soils. At the higher elevations, Bermudagrass occurs 
rather extensively. Rhodesgrass, Guineagrass, and molassesgrass 
have grown well on plowed land. Burclover and Spanish clover are 
also important. 

In general, soils of this group are important to those ranches on 
which they occur. They provide seasonal pasture of excellent quality 
for ems animals, though the carrying capacity generally is not 
high. 

Reddish Prairie soils.-—Tho soils of this group are almost entirely 
located on the islands of Maui and Hawaii. In large part they are in 
vegetation zone Cs, but to some degree they extend into the adjoining 
zones. 

Pahala family (C1).—This family occurs at relatively low altitudes, 
and most of its arable parts are in sugarcane. The plant cover is gen- 
erally excellent, even on the thin soils. Lantana forms a dense cover 
in places. Bermudagrass is dominant in the better areas, and in the 
wetter ones, paspalum grows vigorously. Spanish clover is an import- 
ant legume. Rather extensive pastures of Guincagrass and koahaole 
have been developed in the thin soil areas adjoining Pahala on Hawaii. 

Waimea family (C2).—This family occurs as a broad uninterrupted 
belt extending from Olinda to Ulupalakua on the island of Maui, and, 
on the island of Hawaii, from the lee side of the Kohala Mountains 
clear across the Waimea plateau. It is by far the most extensive and 
most valuable soil family on the Islands for grazing, as well as for 
many cultivated crops. It occurs at elevations too high for sugar and 
pineapple, so considerable areas of arable land, many with moderate 
slopes, are available for pasture. Also, the climate is favorable and 
the soils are of excellent fertility and of open, friable texture. 

The noxious shrubs guava and lantana are in most places absent or 
make very slow growth, and the shrubs common to the uplands are 
generally easy to control. Bermudagrass is dominant throughout al- 
most all of this family. Paspalum and kikuyu grow equally well. 
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The secondary species of high forage value are extremely diverse, as 
they vary according to the vegetation zonc. Vegetation in wetter 
parts has the characteristics of that in vegetation zone Di, that at 
higher altitudes, zone E;, and that in drier areas, zone B. The normally 
dry summer permits natural seeding of numerous grasses and legumes. 
The legumes normally make excellent growth without additions of 
lime or mineral fertilizer, though phosphate markedly stimulates the 
legumes. 

Oceasional plowing is practiced in places and markedly increases 
the stand and vigor of the secondary species in pastures. Planting a 
crop of corn after plowing is an excellent practice for the deeper soil 
areas. Even a partial crop of corn normally pays for the cost of plow- 
ing. Haymaking is practical. Planted fields of oats or other grain 
crops, or a pasture mixture consisting of bromegrass, orchardgrass, 
ryegrass, and associated legumes, are used for hay. Even the shallow 
soils produce good pasture, and they can be worked with heavy disk- 
harrow implements in most places. 

Much of this soil family is used for fattening paddocks, as it has a 
relatively high carrying capacity and produces forage of the highest 
quality. ‘The thinner soil areas, especially those in the wetter parts, 
make fine pastures for the br eeding herd, as the variety of forage plants 
and presence of ample legumes encourage a good crop of sturdy calves. 

Pasture management is important on these soils. Close continuous 
grazing tends to reduce or eliminate the fine secondary species, and the 
pastures therefore become grass only. On the poorer or more com- 
pacted soils, rattail often becomes the dominant species. Occasional 
resting or light grazing to permit reseeding of the annuals is desirable. 
Plowing once about every 5 years is also recommended. 

Naalehu family (C3).—'This family is located mainly near Hilea on 
Hawaii. Tt occupies a very small total area and is of no importance 
for pasture. 


Latosolic Brown Forest soils.—This group occurs at higher elevation 
than any other great soil group used for pasture. On the windward 
mountain slopes it occurs in vegetation zone D:, and on the leeward 
it is in zone E,. The soils are derived from voleanic ash and are 
similar to the Reddish Prairie soils in their desirable chemical and 
physical nature. 

Hanipoe family (F1).—This family occurs principally in zone E, 
and in the higher parts of zone D;. Extensive areas are found in the 
uplands extending from above Olinda to Kula, on the north slope of 
Mauna Kea, and in the uplands above Kona. The natural vegetation 
in these areas is open grassland interspersed with clumps of koa, 
mamani, and naio trees. The principal shrubs are puakeawe and 
aalii, and on the island of Maui, pamakani. The dominant native 
grasses are mountain pili, mountain lovegrass, and brome fescue. 

The quality of the pasture and the kinds of species vary a great 
deal, primarily according to the nature of the soils. In large part the 
soils are thin, so growth is somewhat sparse and the grazing seasonal. 
The soils are very coarse and droughty in some places, and in others 
they are steep. The unimproved pastures consist, of native grasses 
and shrubs which are of very low grazing value. Improved pastures, 
which consist of Kentucky bluegrass, ryegrass, orchardgrass, York- 
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shire fog, vetch, and black medic, are of high quality, but their carry- 
ing capacity is lower and more seasonal than that of corresponding 
pastures on the adjoining Reddish Prairie soils. This is especially 
true of the shallow soils, where rattail is often the dominant species. 

Puu Oo family (F2).—This family occurs principally on the wind- 
ward slopes of the mountains in vegetation zone Di. It receives 
more rainfall than the Hanipoe family, and a larger proportion of it 
has been developed into fine pastures. Even its shallow soils are 
capable of considerable development. The grass-legume mixtures 
used in humid areas of the temperate zones make excellent growth. 
The best pastures can be grazed all year if desired, and the forage is 
of the best quality. 

Maile family (F3). This family occurs on the island of Hawaii, and 
in most places it lies just above the Hydrol Humie Latosols. It 
receives more rainfall than the other families of the Latosolic Brown 
Forest group and generally has a deeper solum. The original forest 
has been removed from most of the land, and improved pastures 
developed. Paspalum makes excellent growth throughout the area 
occupied by this family, and it has been extensively planted. Ken- 
tueky bluegrass, orchardgrass, ryegrass, and Yorkshire fog planted 
with white clover, vetch, and hop clover make a superb sward. 
Sometimes tall oatgrass is included in this mixture. Rattail tends to 
dominate where grazing is not carefully managed, but it can be con- 
trolled by oceasional plowing. 

Olinda family (F4).—This family occurs in the Olinda district on 
the island of Maui and in the Kapapala district on the island of 
Hawaii. Pastures on this family vary considerably in value, depend- 
ing on both soil and climate. The areas occupied by this family 
extend from zone C, into zone D,, and the adapted species vary 
accordingly. The temperate-zone species of grasses and legumes are 
adapted and produce some exceptionally good pastures. Rattail is 
dominant throughout most of the family, however, and relatively 
steep slopes and dissected terrain prevent mechanical treatment in 
much of the area. Most legumes show marked response to phosphate 
fertilizer. 

In the Kapapala district pastures on soils of this family appear as 
oases of good forage surrounded by the partially bare lava flows. 
Some excellent pastures have been developed on the Olinda family in 
this area, though the soils are apparently low in available phosphate, 
particularly at the upper altitudes. At lower levels, some of the 
finest pigeonpea paddocks on the Islands have been developed. 


Gray Hydromorphic soils.—This group of heavy-textured soils 
occurs on the islands of Kauai and Oahu at low elevations. The 
group is entirely in the lowland vegetation zones, or from zone A to 
D, . The natural vegetation is similar to that on the zonal families 
in the same vegetation zones. In drier vegetation zones, Gray 
Hydromorphie soils produce a somewhat more vigorous and denser 
growth than the zonal families because they have somewhat greater 
moisture-holding capacity and, in some places, are nearer to a water 
table. Koahaole is prevalent in the drier parts. Panicum grows 
well in the wetter parts and makes good growth without irrigation in 
the drier zones where the water table is high. 
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Paddy soils.—Soils of this group are of particular interest because 
considerable areas formerly planted to rice and taro have been aban- 
doned. Parts are now being used for cultivated crops, but in the 
main, they have reverted to panicum, which is either grazed or used 
as cut forage for dairy cattle. The soils are generally fertile, as they 
are derived mainly from alluvium. Panicum probably is best for 
these soils, as it can adapt itself to their poor drainage and even to 
periodic flooding. The presence of liver fluke detracts from the value 
for dairy roughage. In places it would seem practical to drain the 
swampy areas, fence them, or treat them with chemicals to destroy 
this parasite. Napiergrass should grow well in the better drained 
areas, 


Dark Magnesium Clays.—These heavy-textured soils occur in 
vegetation zones A and Bon the islands of Kauai and Oahu at relatively 
low elevations. They cover a limited area and are little used for 
grazing. Algaroba and koahaole make excellent growth, and so do 
piligrass, Natal redtop, and the annual species. These soils are 
apparently adapted to the same species as adjoining zonal soils. 


Solonchak.—Soils of this group occur in small areas on the islands 
of Molokai and Maui. They lack most of the species common in these 
dry zones. Saltbush, swollen fingergrass, and lovegrass are common 
in the less saline parts. On Molokai development of these soils for 
pasture has been attempted by means of overhead irrigation from 
nearby wells. 


Alluvial soils.—Soils of this group are derived from young alluvium 
and occur principally at low elevations as valley floors or as nearly 
level flats. One area, however, has been mapped on the lee side of 
Mauna Kea at an elevation of 6,000 feet. 

The Alluvial soils are generally fertile and support a more vigorous 
natural growth than adjoining zonal soils. The larger valley floors 
and alluvial flats are used for sugarcane, fruits, and other crops. 
Strips of Alluvial soils adjoin the streambeds of numerous small rivers 
or gullies. In drier zones these strips support a fine growth of Guinea- 
grass and koahaole when forage on the adjoining land is sparse and dry. 
The larger areas of valley land occur on the island of Kauai, and at 
the upper elevations they make excellent pasture. 

Regosols.—_In this group are two distinctly different types: (1) 
beach sands derived primarily from coral, and (2) unconsolidated ash 
deposits on the uplands. The beach sands are important in vegetation 
zones A and B because algaroba makes excellent growth on them. 
Also, where this beach sand has been mixed with soils from the lands 
above, loose-textured soils are formed that support a fine growth of 
koahaole, giant Bermudagrass, and other species. 

The upland Regosols vary from essentially barren blankets of ash 
and cinders in the drier places and areas of most recent volcanic 
eruption to arcas with a good plant cover. In the area above Kilauea 
on Kauai, the land has become forested. When trees are removed, 
excellent pastures of temperate-zone specics can be developed. 


Lithosols.—This group covers a large proportion of the Islands. It 
extends from sea level to the tops of the mountains and represents 
variations ranging from recent bare lava flows to areas with a good 
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forest cover. Except for the recent lava flows, the Lithosols often 
represent an extension of the very shallow soils of the adjoining zonal 
group. The vegetation is considerably more sparse than on the ad- 
joining soils, and the carrying capacity is lower. In many places, 
however, the species adapted to the Lithosols are the same as those 
suited to the adjoining shallow soils of the zonal order. 

The Lithosols are nonarable and present slight possibility for 
pasture development. It is remarkable that some effective use is 
actually made of them in places. Shrubs, grasses, legumes, and miscel- 
laneous plants grow well in the lava cracks, small depressions, and soil 
pockets. In the moister and more accessible places it is indeed a poor 
area that is not fenced and grazed. 

Lithosols (L1).—Three types of Lithosols are listed in this group— 
stony land types, eroded land types, and rough broken land types. 

STONY LAND TYPES: These are made up of masses of boulders or 
stones deposited by water and gravity and intermixed with some soil. 
Such lands occur anywhere from the mouths of rivers up to steep talus 
slopes. They often have a good plant cover and, unless too rocky or 
steep, can be used for grazing. 

ERODED LAND TYPES: These were once covered with soil that has 
since been more or less completely removed through erosion. A num- 
ber of areas of this kind formerly were in pineapple and were subjected 
to severe sheet erosion. These eroded areas often can be reclaimed by 
regrassing and careful management. 

ROUGH BROKEN LAND TYPES: These occur where the rock is deeply 
weathered; they are hilly to moderately steep. Generally they have a 
good plant cover but are difficult to clear or to improve because of the 
terrain. 

Lithosols (L2).—In this group are Lithosols of the rockland types, 
volcanic ash types, and barren lava types. The plant cover varies from 
nothing on the barren lava flows to about 50 percent coverage in better 
areas. 

RocKLAND TYPES: Outerops make up a considerable part of the total 
surface for these types. The pasture species consist mostly of shrubs 
and annual grasses that make a sparse growth. 

VOLCANIC ASH TYPES: These are rather extensive in the uplands on 
the islands of Maui and Hawaii. They are of considerable importance 
for grazing. Good pasture species can be established on the thin 
covering of ash. "The carrying capacity is low, however, and the 
vegetation dries up rather quickly between rains. 

BARREN LAVA TYPES: As the name indicates, these types support no 
vegetation. 


PASTURE VALUE 


The pasture value of different soil families is expressed in table 43 
in terms of (1) carrying capacity and (2) forage value. The two sets of 
ratings are used because a single term or figure for evaluation is difficult 
to achieve and might be misleading. Carrying capacity, though of 
obvious usefulness, will not serve alone because it does not tell the 
wholestory. Pasturesin wet zones may have a high carrying capacity 
but animals grazing on them generally gain weight slowly. In con- 
trast, pastures in dry zones normally have low carrying capacity but 
generally produce rapid gains in weight. If carrying capacity and 
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[Carrying capacity: Ratings represent the average for all the different series, types, 
noxious trees and shrubs have been removed to permit growth of forage species; v 


high, 3 to 5 acres; medium, 5 to 8 acres; low, 8 to 15 acres; and very low, 15 acres or more. 
[Forage value: Ratings indicate the rate of weight gain, or growth or thriftiness of the grazing animals. 


[Unimproved: Represents essentially weed 
[Zmproved: Represents pastures that are p 


receive other appropriate treatment, and are used under controlled or rotational grazing.} 


and phases within the family, and it is assumed that 
ery high equals 2 to 3 acres per animal per year; 


-free pasture not planted to improved forage species or receiving other treatment. 
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forage value were combined to achieve one rating, the same rating 
might be arrived at for a pasture in a dry zone and one in a wet zone, 
yet grazing characteristics and use on the two would be very different. 

Carrying capacity is expressed in table 43 in five descriptive terms 
as follows: Very high, 2 to 3 acres of pasture per animal per year; high, 
3 to 5 acres; medium, 5 to 8 acres; low, 8 to 15 acres; and very low, 15 
acres or more. The ratings given represent average conditions through- 
out the entire soil family. It is assumed that noxious trees and shrubs 
have been sufficiently cleared to permit the grazing species to grow, 
as it does not seem that an area should be given a low rating simply 
because it has a dense growth of guava, cactus, or lantana. 


The ratings of carrying capacity are based on reports made by 
ranchers. In evaluating their reports, it was taken into account that 
the size and balance of the ranch had an important bearing. Small 
ranchers generally reported a much higher earrying capacity than 
those with large ranches similarly situated, but the higher capacity 
reported for the smaller ranches was often reflected in poorer condition 
and smaller weight gains of the animals. Balance of the ranch also 
was reflected in the grazing capacities reported. A balanced ranch 
has pastures in several vegetation zones, which are variously used for 
fattening, for the growing stock, and for the breeding herd. On the 
balanced ranch the driest areas are used for seasonal grazing, and the 
wettest are often reserved for use in dry years after the better pastures 
are grazed down. 


Forage value is indicated by the relative terms excellent, good, fair, 
and poor. They express the relative rate of gain in weight and growth, 
and the gencral thriftiness of the animals. It is common experience 
that pastures in zones of low to moderate rainfall produce the most 
sturdy calves and quickest growth and fattening. Growth, gains in 
weight, and rate of fattening decline as rainfall increases, in spite of 
the fact that there is an abundance of apparently nutritious forage 
in the wetter zones. This decline may result from deficiency of dry- 
matter intake, shortage of vitamins or minerals, or perhaps from the 
direct effect of the climate on the animals. The causes have not been 
determined, but it is an established fact that higher rainfall zones 
produce poorer gains than drier zones. The wetter zones therefore 
have lower ratings for forage value. 

As will be noted in table 43, ratings of carrying capacity and of 
forage value are given for both improved and unimproved pastures. 
The term “improved” means use of any and all practices known to 
produce pastures of the highest carrying capacity and forage value in 
each vegetation zone. Among such practices are treatment of the 
soil, planting of the forage species best adapted, fertilization, and 
control of grazing. Generally, the more arable and deeper soils are 
classed as improved. Exceptions are the rocky phases of some of the 
Alluvial soils, and of the Reddish Brown soils and other soil groups in 
the dry zones. 

The unimproved pastures are essentially those areas inherently 
poorer because of soils and topography. These pastures are on the 
less arable soils—the thin, steep, and eroded types and phases. Some 
improvement can be achieved by extensive methods of shrub eradica- 
tion and broadcasting of seed on the undisturbed soils. 
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The overall characteristics of pastures within one soil group or 
member family is best ascertained by noting the vegetation zone in 
which it occurs and then referring to the subsection. on Pastures by 
Vegetation Zones. It should be stressed that low values for carrying 
capacity and forage value may be raised as improved pasture species 
are established, more efficient methods of pasture clearing and renovat- 
ing are developed, and as a better understanding of the factors 
limiting forage growth and animal nutrition are gained. The oppor- 
tunity for improvement is obviously greatest for those soils in the 
wetter zones. 


Part IV 
Geography and Characteristics of Soils 


THIS PART OF the report, with the accompanying detailed soil 
map, contains the basic data of the soil survey of Hawaii. In it 
each mapping unit is described and the mapping units are classified 
iuto soil types, series, and families. It is this information upon 
which interpretations for agriculture, engineering, or other major 
uses must be based. 

The material is arranged around the soil family. The general 
environment and soil characteristics of the family are described. 
Next, the mapping units of the family are grouped according to suit- 
ability for mechanized agriculture, and the use suitability and manage- 
ment needs of each group are discussed. Then each mapping unit is 
discussed in relation to the ideal profile of the parent series. 

After identifying the soil of a given area on the detailed soil map, 
the user of this report should first turn to this part for a detailed 
description of the soil in question. The generalized soil map will be 
of especial interest to those concerned with the use of broad groups 
of soils. 
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SOIL MAPPING UNITS 


THIS SECTION is organized about the soil family. The soil 

families are arranged according to the order in which they 
appear in table 17 in the section on Relationships Among Soils 
of Hawaii. The suborder and each family are described briefly, 
and tables show the relationship among the soil series in the 
family. The mapping units of the family are grouped, both in 
the text and in tables, according to their suitability for mech- 
anized agriculture, and their agricultural qualities are de- 
scribed. This is followed by a description of each series and of 
its member types and phases. 


LOW HUMIC LATOSOLS 


Low Humic Latosols are lateritic soils in the dry to moderately 
humid areas where the accumulation of organie matter is small 
comparcd to that in more humid and more heavily vegetated areas. 
They have a very weak or moderately strong A; horizon over a red 
or reddish-brown, deep eluvial B horizon that grades to parent 
material. The clays are apparently mainly kaolinitie. Weathering 
has reduced the soil materials mainly to clay, but the physical prop- 
erties of the soil are those commonly associated with silty clays or 
silty clay loams on the Mainland. Iron and aluminum have been 
concentrated through the solum, mainly by loss of silica and bases. 
MnO; giving effervescence with H;O» is disseminated throughout the 
A; and upper part of the B horizons. The base status is high in 
relation to that of other Latosols. These soils occur at elevations 
ranging from sea level to 2,100 feet on all of the Islands surveyed. 
Annual precipitation ranges from 10 to 80 inches a year. 

The Low Humic Latosols include soils of the following families: 
Molokai, Lahaina, Wahiawa, Kahona, Kohola, Waialua, and Wai- 


manalo. 
SOILS OF THE MOLOKAI FAMILY 


The relationships of the Molokai family of soils to other families 
of the Low Humic Latosol group are shown in table 17 in the section 
on Relationships Among Soils of Hawaii. The soils of this family 
are red or brown and are uniform in texture and chemical composition 
throughout the solum. They occur in the driest part of the area 
occupied by Low Humie Latosols, where the average annual precipi- 
tation is generally less than 30 inches and the monthly rainfall is less 
than 2 inches during about half of the year. 

In their virgin condition, they have very weak A; horizons only 3 
to 5 inches thick in which organic matter is generally less than 3 
percent of the soil mass. The underlying material is red, reddish- 
brown, or brown silty clay with a weak medium blocky or weakly 
prismatic cleavage. The pH values range mainly from 6.0 to 7.0 
throughout the solum in areas that have not been fertilized. The 
soils effervesce violently with H20% throughout the topmost 18 inches; 
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at depths below 20 to 30 inches, 
and black coatings on the faces of aggregates effervesce 


mass commonly ‘does not. Most of the soils have been called silty 
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small - to 4-inch black concretions 
, but the soil 


clays, although particle-size distribution would classify them all as 


TABLE 44.—Key, modal Profile, and environ 


Key 


Modal profi 


Color ( 


Range in depth | 
te 


Name 


Munsell 


Texture 


A. Derived from ba- 
salt or andesite 
lava: 

1. Red soils: 


a, From older 
lavas (deep) 


b. From young- 
er lavas 
(shallow). 


2. Reddish brown 
soils. 


B. Derived from al- 
luvium and co- 
ral. 


C. Derived from al- 
luvium: 


1. Red soils... 


2. Brown soils... ; 


Red, brown, or yellow variegated disintegrating 


Basalt or andesite 


Dark reddish 
brown. 
Reddish brown. 


Reddish brown 
or brown. 


Brown or gray... 


Basalt, usually 

Dark reddish 
brown. 

Reddish brown 
to brown. 


Coral limestone 


Dark red or 
dark reddish 
brown. 

Red to reddish 
brown. 


PME M 


Reddish brown. 

Dark brown or 
dark reddish 
brown. 

Brown.........- 


Dark red........ 10R 3/3-3/6..| Silty clay... 
Red... suu. 10R 4/6- E NE 
2.5Y R 4/6. 
EON [oS OR 4/6- — |... Os doves 
2.5YR 4/6. 
tienes do..........| 10R 4/8~ ine MO soi ne 
2.5YR 4/8. 
Red, gray or | 10R4/8- | |... ee 
brown. 7.5YR 4/2. 
----d0..........| Variegated __] Gritty soft 
Basalt or andesite rock cores grading to bedrock 
Dark red........ 10R 3/3-3/6..| Silty clay 
Red... oll. 10R 4/6- di 
2,5Y R. 4/6. 


bedrock; man 


SYR 3/4- 
2.5Y R 3/4. 

2.5 YR 3/6- 
BYR 4/4, 

10R 3/6- 
7.5Y R 4/4. 


5Y R 4/4- 
10YR 4/1. | 

porphyritie, the 
SYR 3/3- 
2.5Y R 3/4 

5YR 4/4- 
2.5YR 5/4 | 


bedrock; in places material 
soils, but it is alluvium in most of the deeper 
| 10R 3/3- 


25YR 3/6 | 
| 10R 3/6- 


2.5Y R 4/4 
2.5Y R 4/4— 
BYR 5/4 


5YR 5/4 Hi 
SYR 3/4- 


5Y R 4/4- 
54 
TOY R 5/4- 


y solid rock cores 


ghly weathered 


Clay.. 


C horizon resem 
Clay to silty 
clay loam. 
Olay or silty 

clay. 


Silty clay to 
clay 
throughout. 


Silty clay or 
clay | 
throughout. | 


5/6 
Brown and yellow variegated, weathered grav al 


clays or heavy clays. 
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The physical properties are those of silty 


clays, however, because of the character of the clay minerals present. 
Soils of this family that have been under cultivation for long periods 
have been changed notably in several respects. Cultivated soils under 


ment of soil series of the Molokai family 


Modal profile—Continued Environment 
n $ | Vege- 
Consistence — | Effervescence Rain- | qi van. : 
Strüethre (moist) | PE with H:02 | Island | fol | Plevation | tation 
i | | 
| 
| 
| | 
Inches Feet | 
| F 
| | | | 

Weak very fri- | Very friable..... |6. 0-7. Violent... 3 i 
&ble platy. | 

Very weak coarse __... do. _------.-|6.0-7.0 |... AO ES 
prismatic. | " 

Weaktcoarse pris- | I'riable..-..----- Violent on the Doer d 2. B 
matic. | concretions. Maui..  0-1,500 | A, B. 

Moderate medi- | Firm........- On black films | (Molokai 0-1.000 | A; B. 
um blocky. only. | Onh 20-25 0-500 | A, B. 

Surrounds rock cores.._-.-.-.------- None.. EN star E ada 

inner shell retaining rock structure.....- 

at about 10 feet, locally as much as 50 fe 

Weak fine platy-.| Very friable- 

Weak medium /|..... foro PENNE p 
blocky. | 10-20 0- 500 | A. 

rock among rock cores. -_--.----.-.------------ Moderate or no | {Oahu_ 20-30 0- 300 | B, A. 
effervescence, | 

on the surface and through soil._.--..-.-..-..----~---------------- 

| 
| Well developed Friable.......... 16.5-7. 5 | Violent ...----..! | 
i medium crumb, i | 
| Strong medium 
blocky. 

Very strong me- Lanai...; 15-95 | 500-1, 500 | A. 
dium to coarse Oahu...| 25-30; 300- 500| A, B 
blocky. i j 

Gece [o PR DE f 

bles Kokokali clay_. 

Well developed 

uirum crumb. y " viti " | 
ell developed ery friable to |6. 5-8, 0 iolent to mod- i " 

| medium crumb. friable. erate. Kauaj. E 15-20 o- 50 | A; 

| to medium Oahu. =ef 15-40 0- 250} A, B. 
blocky. | 

above it may be weathered from rock in place in very shallow t 

soils. | 

Weak fine platy Very friable. ___- 6.0-7.5 | Violent_.-------. i 
to medium | 
crumb. 

Weak coarse Friable...... 6 :0-7:0 asas OS eec 
prismatic, | i Hiranal T 

Moderate coarse | .... docete 16.0-7.0 | On eoneretions.. j| E3uai..— on i aan ~ 
prismatic. | 15-25 | 0-200 | A. 

Moderate coarse |... do ..........|6.0-7. 5 | Little or none... 
prismatic to 
medium blocky 

alluvium; may contain soft weathered gravel___..__._--_-.-.-._.-- 

Moderate med- Very friable_...- 6, 0-7. 0 | Violent..... l 
ium crumb. i ] 

inezdOR.ississsses[ a a i! EO P 0-7.0 Moderate to Oahu...| 25-40 2 230) B, A. 

Weak medium Firm......------ [6.0-7.0 | Weak or none... 
blocky, i 

and fine alluvium. -..-.-.-..--------------------+2-0-------------~ 
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irrigation are generally much higher in organic matter than the virgin 
soils. Organic matter commonly makes up 5 to 8 percent of the 
uppermost 8 or 12 inches in irrigated canefields. The pH has been 
lowered to 5.5 in many areas, not only in the surface horizon but also 
to considerable depths in the subsoil, by long use of heavy appli- 
cations of ammonium sulfate. 

Relationships among soil series of the Molokai family are given in 
table 44. The series of the Molokai family are the Molokai, Laina, 
Pamoa, Mamala, Ewa, and Waipabu. Differences among series are 
mainly associated with differences of parent materials. Three series, 
the Molokai, Laina, and Pamoa, are derived from basalt or andesite 
weathered in place. The Molokai and Laina soils are the typical 
friable clays normal to the region; they differ in the degree to which 
the parent materials are weathered. Molokai soils are derived from 
old, highly weathered materials many feet thick above unweathered 
bedrock; Laina soils rest directly on weathering basalt at a depth of 
10 to 15 inches or less. The Pamoa clays are more sticky and plastic, 
a property associated to some extent with high-olivene basalts found 
in this area. The Pamoa soils may be considered transitional to 
soils of the Dark Magnesium Clays group. 

Soils of the Mamala series are undoubtedly mainly from alluvium, 
but coral limestone at shallow depth has influenced the base status of 
the material. Locally the soils may be derived partly from weathered 
limestone. The Ewa and Waipahu series are derived entirely from 
alluvium; the Ewa. soils are red or reddish brown and the Waipahu 
distinctly brown. Reasons for the difference in color are not apparent. 


USE AND MANAGEMENT 


Adapted soils of the Molokai family are among the best in the 
Hawaiian Islands for sugarcane under irrigation. The intensity and 
duration of sunlight are at a maximum where these soils occur and 
strongly favor the production of carbohydrate. Yields of cane as 
well as the percentage of sucrose in the cane are also highest. 

The physical condition of the soils is exceptionally well adapted to 
irrigation; the soils are porous yet fine-textured and hold water well. 
Among the old soils of Hawaii these are also the richest in mineral 
nutrients. They are relatively well supplied with bases, particularly 
potassium. They apparently have a very high capacity to fix phos- 
phorus in unavailable form, and they are very deficient in nitrogen. 
The liberal use of commercial fertilizers is essential for good yields. 

Moisture is a principal limiting factor; and where irrigation water 
is not available, the soils are used mainly for grazing. Pineapple is 
grown in some areas near the moisture limit of the soils of this family 
by using mulch paper, but most of it is grown in slightly more humid 
areas. When these soils are used for grazing, the forage produced is 
limited and highly seasonal in growth. During the greater part of 
the year vegetation is dormant. When the rains do come, such species 
as bristly foxtail, swollen fingergrass, and piligrass grow rapidly. 
Algaroba fruit provides considerable high-protein feed in some areas. 

Suitability for use depends greatly upon such factors as slope, 
degree of erosion, stoniness, and depth over bedrock. These factors 
are used to differentiate phases within soil types. The mapping 
units of the Molokai family are grouped in table 45 to show similari- 
ties of suitability for mechanized agriculture. 
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Soils well suited to mechanized agriculture.— The soils of the 
Molokai family well suited to mechanized agriculture are the nearly 
level phases and gently sloping phases (table 45). They are deep, 
well-drained soils only slightly or moderately eroded and occur on 
slopes that range from 0 to 10 percent. There are few or no loose 
stones on the surface or within the plowed layer. The depth to bed- 
rock is in most cases more than 8 or 10 fect, although locally it may be 
as little as 40 inches. 

The soils in this group are the best in the Hawaiian Islands for 
sugarcane grown under irrigation. The gentle slopes make irrigation 
relatively more simple than on more strongly sloping areas. More- 
over, there are no serious physical limitations to the use of heavy 
machinery in cultivation or in harvesting. On the gently sloping 
phases, slopes slightly limit use for irrigation; but aside from making 
work on the contour necessary, they do not seriously restrict the use of 
heavy machinery. The soils are mainly silty clays or friable clays 
that are easy to work and that hold water well. It is on these soils 
that the record yields of sugar per acre have been made in Hawai. 

If irrigation water is not available, those parts of the soils of this 
group that occur near the upper limit of rainfall for the Molokai 
family may be used for pineapple. Pineapple culture extends well 
into the area occupied by these soils, particularly on the islands of 
Molokai and Lanai. The soils of this group are subject to the usual 
iron deficiency noted in the section on Pineapples, and in some years 
moisture may limit pineapple production. i 

Where irrigation waters are available, these soils are adapted to a 
wide variety of vegetable crops, but vegetables are grown in relatively 
few areas because they cannot compete with cane. Areas that are not 
irrigated and are not used for pineapple are used mainly for grazing. 
These areas supply relatively small quantities of forage, which is pro- 
duced mainly during the 4 to 6 months when rains are most frequent 
and heaviest. Near the coasts algaroba fruit provides considerable 
feed during the fruiting season, and some ranchers depend upon it to a 
large extent for high-protein feed. 


Soils moderately well suited to mechanized agriculture.—The soils 
of the Molokai family moderately well suited to mechanized agricul- 
ture are the sloping and the shallow ones listed in table 45. Slopes of 
the sloping phases are mainly 8 to 15 percent and are steep enough to 
cause considerable difficulty in irrigation, and to some extent in the 
use of heavy machinery for cultivation and harvesting. 

In most areas under cultivation, these soils are used in about the 
same way as the associated less steeply sloping and less stony soils. 
A slightly smaller proportion of the total area, however, is under cul- 
tivation, if one considers the Hawaiian Islands asa unit. The M amala 
soils in this group are shallow over coral; but like the deeper Molokai 
soils of the same group, they are used for cane under irrigation. Slope 
is not a serious handicap on the Mamala soils. 


Soils poorly suited to mechanized agriculture.— The soils of the 
Molokai family poorly suited to mechanized agriculture are stony 
eroded phases that have lost a considerable quantity of soil by erosion 
and, as a result, have rounded hard rock cores exposed on the surface 
that seriously handicap cultivation. These stones, however, are not 


Tasis 45.—Suitability and physical limitations for mechanized agriculture of mapping units of the Molokai family 


Sows WELL Surrep ro MECHANIZED AGRICULTURE 


Soil family and mapping unit Slope Erosion Loose stones Du g Principal physical limitations 

Molokai family, nearly level phases: Percent | Inches 

Molokai silty clay, nearly level phase------------ 0-3 | Slight.. Slight. ------ 40+ | None. 

Ewa silt loam, nearly level phase - 0-3 |..... Dr e e —— 404- Do. 

Ewa clay, nearly level phase... 2 o... 0-5 |.____do.______ | ee 40+ Do. 

Waipahu silty clay, nearly level and gently sloping l-R jenni ae E zz doves. ao 40+ Do. 

phases. 

Molokai family, gently sloping phases: 

Molokai silty clay, gently sloping phase. ......... 2-10 | Moderate... |... do....... 404- | Slope slightly restricting for 

irrigation. 
Molokai silty clay loam, gently sloping phase_____ 8- 8 |..... nr RM NE: Or PRIN 404 Do. 
Molokai clay, gently sloping phase_.--..-.-.--.- 3-10 [..... Oct aias n ree 404- Do. 


Soins 


MODERATELY WELL SUITED to MECHANIZED AGRICU 


LTURE 


Molokai family, sloping phases: 
Molokai silty clay: 


Sloping phase. ..2226occceececmunonsaauneeee 


Eroded sloping phase.....-_..--.------------ 
Pamoa clay, sloping phase. ____.._.--....------ 


Molokai family, shallow soils: 


Mamala silty clay loam._.-._.......----.------ 


Mamala clay 


8-15 |..... dé cecus Blight... 
8-15 | Severe... 2 1. c. cec ue 
3-15 | Moderate-----]----- (een ie 
0- 3 | Stlight--------J----- dL Eu 
TP 0- 3 |.-._-do_______|-___- (: (eee 


| 


Slope seriously restrieting for 


irrigation. 
Do. 
Do. 


Depth. 


Depth and texture. 


AGTAYAS TIOS 


JO AYMOLIGUEL XO 


IIVAVH. 


Sorts POORLY SUITED TO MECHANIZED AGRICULTURE 


Molokai family, stony eroded phases: 
Molokai stony silty clay: 
Eroded gently sloping phase.._.-------------- 2-10 | Severe... Loos a L sss 30+ | Stoniness. 

Eroded sloping phase__....------------------ 8-15 |..... dàz.--clboxes- do. ...... 30+ | Stoniness and slope. 


AR ———————— 


Sorts Very POORLY SUITED OR Unsurrep TO MECHANIZED AGRICULTURE 


ce 
1 i 
Molokai family, very shallow, very stony, moder- 


ately steep, and severely eroded phases: 


Molokai silty clay, eroded moderately steep 12-30 |..... do....... | Moderate..... 30+ | Slope and eroded condition. 
phase. 
Molokai very stony silty clay, phases undiffer- 3-20 | Very severe...| Very stony...| 20-60 | Severe stoniness. 
entiated. 
Laina very stony silty clay, phases undilfer- 5-25 | Severe. .---_|----- doc scs 4-15 | Severe stoniness and shallow 
entiated. depth. 


Pamoa clay: | 
Severely eroded phase... 5-20 | Very severe ..| Moderate..... 20-40 Do 


Gullied phase Sedos dOr iina 30+ | Uncrossable gullies. 
Mamala silty elay loam, very shallow phase- | Blight-------- 3-12 | Shallow depth and stoniness. 
Mamala clay, very shallow phase. ----------- E = 2 M Co E E 1 rn 3-12 Do. 
Ewa very stony clay loam, phases undifferentiated- Very stony- -- 40+ | Severe stoniness. 


S'IOSOLV'I PIWAH MOT 


SIC 
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numerous enough to prohibit cultivation. In many areas the stones 
are remeved by bulldozers and the soils are then about as productive 
under normal management as the uneroded soils. Slope is a moderate 
handicap. 

Soils very poorly suited or unsuited to mechanized agriculture.— 
The soils of the Molokai family very poorly suited or unsuited to 
mechanized agriculture are very shallow, very stony, moderately 
steep, or severely eroded. One or more of these factors are so limiting 
that relatively small areas are used for cultivation. The soils of this 
group are among those on which cane production has been extensively 
abandoned because of the increasing use of heavy equipment. On 
Maui, for example, the Laina soils, which are very stony and very 
shallow, were formerly in cultivation for cane but have been largely 
abandoned. 

Where the soils of this group occur in intimate association with 
better soils of the same family, they may be used for cane or pineapple 
in about the same way as the adjacent soils. For the most part, 
however, they occur in the regions used for grazing. Where they occur 
in extensive areas within regions used for cultivation, they are being 
abandoned. Various conditions limit their use for cultivation. On 
the Pamoa soils, severe sheet erosion has removed the more friable, 
upper layers and exposed the heavy, plastic clays that underlie the 
solum, or gullying has produced an uncrossable network that effec- 
tively prohibits the use of the soil in mechanized agriculture. The 
very shallow Mamala soils have numerous outcrops, and only 3 to 12 
inches of soil over coral rock. The very stony Molokai or Ewa soils 
consist mainly of a litter of boulders with some fine soil material 


between the rocks. 
MOLOKAI SERIES 


The red soils of the upland at elevations less than 1,500 feet and in 
dry regions with rainfall Jess than 25 inches are members of the 
Molokai series. They are fine textured but extremely friable. The 
are nearly neutral where uncultivated and effervesce violently with 
H3;0;, a reaction that indicates the presence of manganese dioxide in 
the upper part of the solum. 

Modal profile of the Molokai series: 


A, 0 to 3 inches, dark-red silty clay with a weak very fine platy structure; 

ui friable when moist, nonplastie when wet; effervesces violently with 
H30;; pH 6.0 to 7.0. 

B, 3to 20 inches, red silty clay with a very weak coarse prismatic structure; 
very friable when moist or dry, nonplastic when wet; effervesces violently 
with H:O»; pH 6.0 to 7.0. 

B, 20 to 48 inches, red silty clay with a weak coarse prismatic structure; 
friable when moist or dry, very slightly plastic when wet; effervesces 
violently with H;O»; contains many %- to inch, shotlike black or 
dark-brown concretions that effervesce violently with H;O;; pH 6.0 to 
7.0. 

B; 48 to 70 inches, red silty clay with a moderate medium blocky structure; 
material more firm in place than that of horizons above; friable to firm 
when moist, slightly plastic when wet; faces of structural aggregates 
coated with a dark-brown or black film that effervesces with H, 202, but 
the inside of aggregates normally does not effervesce; pH 6.0 to 7.0. 

C 70 inches+, red, gray, or brown, weathered rock retaining original rock 
structure and surrounding unweathered rock cores; rock cores become 
more numerous with depth; grades to solid bedrock at depths ranging 
from 6 to 50 feet. 


LOW HUMIC LATOSOLS 215 


These soils are derived from basalt or andesite lavas that have been 
weathered in place. In most areas the materials are very deeply 
weathered. Solid bedrock occurs at depths mainly below 10 feet; in 
some areas it is as deep as 50 feet below the surface. The Molokai 
soils near Paia on Maui and in a small area on the island of Hawaii are 
generally shallower than normal for the series. The most deeply 
weathered materials occur on the oldest mountains. 


Molokai silty clay, nearly level phase (0 to 3 percent slopes) (M3c).— 
This is the best soil of the Molokai series for cultivation. It is nearly 
level and is admirably suited to irrigation. For the most part the soil 
is essentially uneroded, but small moderately eroded arcas have been 
included. [n the eroded areas, loose stones on the surface may hinder 
cultivation, but they are usually easily removed. 

The soil profile is essentially that described for the Molokai series. 
This phase is the deepest soil of the series. All of the horizons de- 
scribed in the generalized profile of the Molokai series are present in 
most areas. In some areas on Maui the black manganese concretions 
that normally occur in the B; horizon may be absent. In cultivated 
areas the virgin A; horizon is destroyed and a horizon higher in organic 
matter, normally ranging from 5 to 8 percent in organic-matter content 
and 6 to 10 inches thick, is present on the surface. This horizon is 
thicker and higher in organic matter under irrigated sugarcane than 
under pineapple. The pH in cultivated areas is generally below 6.0. 

A high proportion of this soil is used for cane on the islands of 
Maui and Oahu. On the island of Molokai, a relatively small part is 
used for pincapple and the rest for grazing; on the island of Lanai, 
the greater part is used for pineapple. 


Molokai silty clay, gently sloping phase (2 to 10 percent slopes) 
(M3x).— This is a deep, red, well-drained soil on gently sloping areas 
in the uplands where rainfall is less than 25 inches a year. It is 
slightly or moderately eroded. The soil is easy to work and to con- 
serve and highly productive; it is among the best in Hawaii for irri- 
gated sugarcane. 

The soil profile is typical of that described for the Molokai series. 
In cultivated areas the A; horizon of the virgin soil has been mixed 
with a part of the B, horizon. The plow layer thus formed is 6 to 10 
inches thick and higher in organic matter than the virgin soil. Locally 
small seriously eroded areas are included in the mapping unit. In 
these areas the horizon that contains manganese concretions may be 
exposed. The profile in most places is essentially the same as that of 
the nearly level phase. 

Most of the areas on which irrigation water is available are used 
for cane. These areas are mainly on the islands of Maui, Oahu, and 
Kauai. On the islands of Lanai and Molokai, pineapple culture ex- 
tends into the regions occupied by Molokai soils and is grown on this 
phase as well as on the nearly level phase. The rest of the soil is used 
for grazing. 


Molokai silty clay, sloping phase (8 to 15 percent slopes) (Mma).— 
This phase is slightly to moderately eroded. It occurs under a 
yearly rainfall that is less than 25 inches and at elevations ranging 
from sea level to 1,500 feet. It has been mapped on the islands of 
Molokai, and Oahu. Like the otber soils of the Molokai series, it 
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has excellent internal physical conditions for cultivation, but its 
slopes are sufficiently steep to interfere with cultivation and especially 
with irrigation. 

The profile is essentially that described for the Molokai series, 
but this phase, on the average, is probably a little thinner over 
weathered rock material than is normal for the nearly level and 
gently sloping phases. In cultivated areas the plowed layer consists 
of a mixture of the A, and B, horizons to a depth of 8 to 10 inches 
and is higher in organic matter than the A, horizon of the virgin soil. 
In those areas that have been intensively fertilized with ammonium 
sulfate, pH values are about 5.0 or 5.5 instead of near neutrality 
as in the virgin soil. 

This soil occurs mainly in association with the nearly level and 
gently sloping phases, and for the most part is used with them. On 
the islands of Molokai and Oahu where the Molokai soils are mainly 
under irrigation, this phase is used primarily for sugarcane. Limited 
areas on Molokai are used for the production of pineapple. The 
greatest part of the soil area is used for grazing. 


Molokai silty clay, eroded sloping phase (8 to 15 percent slopes) 
(M8a).-—This is a moderately to severely eroded soil. It oecurs in 
association with the nearly level, gently sloping, and sloping phases 
of Molokai silty clay, but it is less well-suited to cultivation because 
of slope and erosion. 

The soil has a profile similar to that described for the Molokai 
series, except that it is truncated. All of the A, horizon and a part 
of the B, horizon have been lost, and in some places the soil is eroded 
to the parent material. Generally, it is eroded well into the B, 
horizon, and the small black manganese concretions common to that 
horizon are concentrated in the surface layer. The soil consists of 
between 12 and 30 inches of red, friable medium blocky silty clay 
over red, gray, or brown, weathered rock that retains the original 
rock structure. In cultivated areas, the uppermost 6 to 10 inches 
contains a moderate quantity of organic matter and is noticcably 
darker than the underlying soil. Commonly, the dark-gray or brown 
material in the weathered rock is turned up locally in plowing and 
gives the soil a browner appearance than is normal for the Molokai 
soils. 

The principal use of the phase is for cane on the island of Kauai; 
a small proportion is used for pineapple on the island of Lanai. 
The soil commonly has a moderate quantity of loose stones on the 
surface, and these may be seen either in piles in the fields or along 
field boundaries in cane or pineapple areas. In cultivated areas 
the soil is used for pasture in association with the adjacent phases 
of the same type, but the production is relatively lower, and a con- 
siderable part of the area is bare of vegetation where erosion is active. 

Aside from the slightly lower water-holding capacity caused by 
shallow depth over weathered rock, the soil does not appear to have 
been seriously impaired in potential productivity by its eroded condi- 
tion. When the land is irrigated and used for cane, the crop appears 
normal in comparison with that on the uneroded soils. Pineapples, 
however, are noticeably less vigorous on these eroded areas than on 
adjacent uneroded Molokai soils. The difference is probably due to 
lower water-holding capacity of this eroded phase. 
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Molokai silty clay, eroded moderately steep phase (12 to 30 percent 
slopes) (M2z).—This is a moderately steep soil in the dry upland 
parts of the Molokai soil regions. It occurs on the steeper slopes 
next to small drainageways in the uplands. Where deep gorges have 
cut back into the uplands, it lies between the almost vertical-sided 
gorge and the adjacent gently sloping or sloping upland. The unit 
is small in total area and is relatively unimportant to the agriculture 
of the Islands. Essentially all of it is moderately to severely eroded. 

The soil is a truncated profile of the Molokai series. All of the 
A, and B,, and part of the B, horizons have been lost from almost 
the entire area. In many places the soil is eroded down to the red, 
gray, or brown weathered rock material, and as a result it has a 
grayor or browner appearance than is normal for the Molokai series. 

Vormally there is between 12 and 20 inches of red soil overlying the 
parent material. Moderate numbers of stones and boulders lie on 
the surface in some areas. These are unweathered rock cores that 
have been uncovered by erosion. 

Some areas associated with less steeply sloping land that is used 
for cane are cropped. A greater proportion of the total area, how- 
ever, has been abandoned because the use of heavy machinery has 
increased. The greater part of the area is now idle or lies within 
areas used for grazing. 


Molokai silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Mxw).—'This soil is very much like Molokai silty clay except that 
the surface texture ranges from a silt loam to a silty clay loam. The 
soil is subject to erosion, and throughout much of its area the silty 
upper layers have been eroded. These eroded areas have been included 
in the various eroded phases of Molokai silty clay. The reason for 
the more silty texture of the upper part of the soil is not known. This 
phase occurs on the island of Kauai in the upland near Makaweli and 
also on Maui. Practically all of it is used for sugarcane production. 

The soil profile in cultivated fields consists of 8 or 10 inches of dark 
reddish-brown, very friable, crumb-structured silt loam to silty clay 
loam. In some places the soil has the feeling of a loam because of 
excellent aggregation. Effervescence with H:O; is violent; the pH is 
near 6.0 or 6.5 in uncultivated areas, but is generally below 6.0 where 
fertilized. In uncultivated areas the upper 2 or 3 inches is a loose, 
crumb-structured silt loam or loam representing the original A, 
horizon. 

Below the surface layer to a depth of about 14 to 16 inches is a red 
or reddish-brown layer that has a coarse prismatic structure and gen- 
erally slightly heavier texture than the upper layer. This horizon 
also effervesces violently with H,O, and has a pH near 6.0 where not 
fertilized. In some localities a pH as low as 5.5 has been recorded. 

From 16 to 30 inches, the soil is red and is generally a silty clay 
loam or silty clay in texture. This material effervesces violently with 
H:O; in most places, and the dark-brown or black, small manganese 
concretions usually present also effervesce violently. The pH values 
range from 6.0 to 7.0. Structure is weakly prismatic or weakly blocky. 

Below 30 inches the soil is a red silty clay similar to the B; horizons 
of Molokai silty clay. This soil grades at depths ranging between 40 
and 60 inches to red, gray, or brown weathered rock that retains the 
original rock structure. 
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Molokai clay, gently sloping phase (3 to 10 percent slopes) (M2v).— 
This red soil has been mapped only in a limited area on the slopes of 
Puu Hawiiloa on Mokapu Peninsula on Oahu. Although similar to 
the other soils of the Molokai series, it is a clay soil, and moderately 
sticky and plastic throughout. It oceurs on Quaternary basalts of 
the Honolulu series, which consist of dense, vesicular, jointed flows 
of olivine, nephelite, or nephelite-melilite basalts. Locally, fire- 
fountain deposits contributed to the soil material. The clayey char- 
acter of these soils seems to be associated with the high olivine con- 
tent of the original rock; in some respects, the soil is transitional from 
the Molokai series to soils of the Nonopahu series in the group of 
Dark Magnesium Clays. It is enough like the other soils of the 
Molokai series, however, to warrant its inclusion. 

The profile consists of a thin, dark reddish-brown A, horizon, similar 
to that of Molokai silty clay, over a red clay that is easily friable 
when moist but moderately sticky and plastic when wet. Structure 
throughout the subsoil is moderate medium blocky. The soil effer- 
vesces violently with H:O, to a depth of 30 or 40 inches, and manga- 
nese concretions are commonly present below 20 inches. In some 
parts of the area, the soil is relatively shallow, grading to gray or 
brownish-gray weathered rock material at depths of 20 or 30 inches. 
In most parts of the area, the weathered rock material is not encoun- 
tered above 40 inches. 

At one time it was used for grazing, but it is not now being used 
for agriculture. 


Molokai stony silty clay, eroded gently sloping phase (2 to 10 per- 
cent slopes) (Mwc).—This is a moderately to very severely eroded 
soil. Enough rock cores have been exposed by erosion to make the 
soil too stony to cultivate with machinery unless the rocks are removed. 

The soil is a truncated profile of the Molokai series. The A,, By, 
and essentially all of the B; horizons have been removed by erosion, 
leaving a 10- to 15-inch layer of red silty clay mixed with organic 
matter above the red, gray, or brown, weathered rock parent material. 
Loose stones litter the surface. 

Stoniness and shallow soil depth are the principal factors limiting 
crop production. A large part of this sod was at one time irrigated 
and used for cane on the islands of Maui and Kauai. A large propor- 
tion of that land, particularly on West-Maui above Lahaina, has been 
abandoned. Areas that are used for grazing support a sparse vegeta- 
tion, and a relatively high proportion of the total area is barren where 
erosion is active. 


Molokai stony silty clay, eroded sloping phase (8 to 15 percent 
slopes) (Mmp).—Like the eroded gently sloping phase of the same 
type, this soil is a truncated profile of the Molokai series. The depth 
to bedrock varies between 15 and 40 inches. The lower part of the 
third or the fourth horizon—B, or B, in the modal profile—is com- 
monly exposed. 

"Textures of the plowed layer average slightly heavier than in the 
normal A, horizon. Ground-up soft weathered rock is common 
throughout the profile.. The soil is covered with a moderate number 
of large and small stones that are unweathered rock cores exposed by 
erosion. In its natural condition, the land is cultivatable by ma- 
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chinery with great difficulty if at all. In many areas, however, the 
surface stones have been removed and machinery is usable. The 
amount of bedrock outcrop is relatively small. Effervescence with 
H,0; is mild to strong. 

At one time most areas of this soil were used for cane where irri- 
gation waters were available, and some areas were used for pineapple. 
Costs of irrigation and cultivation are appreciably greater, and in 
some areas the phase is being retired from cultivation. On the 
islands of Hawaii and Lanai, this soil is used exclusively for grazing. 


Molokai very stony silty clay, phases undifferentiated (3 to 20 
percent slopes) (MwE).— This phase consists of areas of Molokai 
soils that are too stony for machine cultivation. The phase generally 
occupies the lowest elevation within the regions occupied by Molokai 
soils and is the stoniest and shallowest soil of the series. 

This soil is a very severely truncated profile of the Molokai series. 
Moderately wide variations occur. Commonly the unconsolidated 
material is bright rusty brown to rusty reddish brown and varies 
from a light, friable clay loam to a moderately compact, distinctly 
fragmentary silty clay. It exists in some places only in the spaces 
between a continuous layer of hard rock cores and is mixed with 
primary disintegration products that retain the original rock struc- 
ture. Below 8 or 10 inches, the unconsolidated material consists 
entirely of such “rotten” rock. Moderate effervescence with H;O; 
occurs in these places and often well into the weathered rock. 

The phase varies to such an extent, however, that there may be 
20 or 30 inches of red, friable silty clay characteristic of the B, horizon 
described for the modal Molokai soil above the red, gray, and brown, 
weathered rock. The surface of these areas is covered with an almost 
continuous layer of small stones and boulders. In these areas rock 
outcrops are few, although they are numerous elsewhere. 

A few areas were irrigated and used for cane under hand cultivation, 
but most of them have been abandoned. Most of the soil is used 
for grazing, and as on the other phases of Molokai silty clay, the 
carrying capacity is relatively low. 


Molokai silty clay, phases undifferentiated (0 to 3 percent slopes) 
(M3p).—In the areas that were surveyed in reconnaissance, it was 
impossible to separate the various types and phases of the Molokai 
series on the map. All of the Molokai soils in those areas were 
included in one unit in which the various phases were undifferentiated. 
The unit occurs on the islands of Molokai and Oahu. Jn other areas, 
the Molokai soils were differentiated in detailed mapping. 

The soils are mainly silty clay, but locally they may include silty 
clay loams. Although there are small areas that are only slightly or 
moderately eroded, principally on the milder slopes, the greater part 
of this unit is moderately to severely eroded. In detailed mapping 
these moderately to severely eroded areas would have been included 
in the eroded sloping and the eroded moderately steep phases of 
Molokai silty clay or in the various stony types. 

Essentially all of this unit is used for grazing. The carrying 
capacity varies considerably with the degree of erosion and the steep- 
ness of slope, but in general it is low. 
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LAINA SERIES 


The soil of the Laina series is very shallow, ranging from 5 to 13 
inches thick over unweathered basalt of Quaternary age. The major 
horizons of the Molokai family are present but are thin and very 
stony. 

Modal profile of the Laina series: 

A; 0 to 3 inches, dark-red silty clay; weak fine platy or erumb structure; 
very friable; very stony; moderate effervescence with H;O;; pH 6.0 to 7.0. 

B 3 to 6 inches, red silty clay; weak medium blocky structure: friable when 
moist; nonplastie when wet; very stony; moderate effervescence with 
H202; pH 6.0 to 7.0. 

C 6 to 9 inches, red, brown, and yellow, weathered-rock material embedded 
in & mass of weathering rock and extending into cracks in the bedrock; 
moderate or no effervescence with 11505; pH 6.0 to 7.0. 

D 9 inches +, unweathered basalt or andesite bedrock. 

The series occurs only on West-Maui and on Oahu. On West-Maui 
it consists of very shallow soils developed on picric and nepheline 
basalt of the Lahaina volcanic series. On Oahu it consists of similarly 
shallow soils developed on nephelite-melilite basalt, mainly Aa lava, 
of the Honolulu voleanie series. In both areas the underlying rocks 
were deposited in Pleistocene or later time and are relatively little 
weathered in comparison with the older rocks from which soils of the 
Molokai series are derived. To what extent the Laina soil is derived 
from the weathered product of the underlying rock is not definitely 
known. Alluvium may have contributed to the soil on Oahu, and 
volcanic ash may have contributed some material on both Oahu and 
West Maui. It appears, however, that some part of the material 
has come from the underlying rock, as there is an appreciable weather- 
ing zone around fragments in horizon C. This soil was separated 
from the very stony types of the Molokai series principally because 
of the proximity of fresh and only partly weathered material to the 
solum. Only one type was recognized. 


Laina very stony silty clay, phases undifferentiated (5 to 25 percent 
slopes) (Lo).—This soil is so shallow and stony that machine culti- 
vation is impossible. Part of the area on Oahu is used for vegetable 
crops and flowers; all of that on Maui was at one time irrigated for 
cane but has been abandoned. Costs of irrigation, cultivation, and 
harvesting by hand were very high. Actual yields of cane were lower 
than on the deep Molokai soils. The soil is deficient in nitrogen. 
Rapid chemical tests indicated that replaceable potassium and easily 
soluble phosphorus range from high to doubtful and that the supply of 
phosphorus is low at the higher elevations. The productivity of the 
soil for pasture is similar to that of Molokai very stony silty clay. 
Total production of feed is low and is confined mainly to the 3 to 6 
wettest months. 

PAMOA SERIES 

The soils of the Pamoa series are the most sticky and plastic of the 
Molokai family. They occur on Lanai and Oahu in regions where 
rainfall is less than 25 or 30 inches a year and highly scasonal in 
distribution. 

Modal profile of the Pamoa series: 

A; 0 to 4 inches, dark reddish-brown clay; well-developed medium crumb 


structure; friable when moist, moderately sticky and plastic when wet; 
violent effervescence with H:0:; pH 6.5 to 7.5. 
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B, 4 to 16 inches, reddish-brown clay; strong medium blocky structure; 
firm when moist; moderately sticky and plastic when wet; violent 
effervescence with H,O.; pH 6.5 to 7.5. 

Bj 16 to 21 inches, reddish-brown or brown clay; very strong medium to 
coarse blocky structure; very firm when moist; moderately to strongly 
sticky and plastic when wet; no effervesence with H:02; pH 6.0 to 7.5. 

C 21 to 28 inches, brown or gray clay; very strong medium to coarse 
blocky structure, locally massive; very firm when moist; very sticky 
and plastie when wet; no effervescence with H»O2.; pH 6.0 to 7.5; in 
some places layer is more like B;. 

D 28 inches +, basalt bedrock, commonly with olivene phenocrysts. 

The soils are derived from basalts that are undifferentiated on 
geologic maps from those that gave rise to soils of the Molokai series. 
An abundance of olivene phenocrysts were noted in the rocks under- 
lying some of the areas, but the degree of their correlation with these 
more plastic clays remains to be determined. The plasticity and 
color of the clays in the lower horizons near bedrock are indications 
that the Pamoa soils are intermediate between the friable red clays 
of the Molokai series and the massive, sticky, and plastic clays char- 
acteristic of the group of Dark Magnesium Clays. The soil gives one 
the impression of a somewhat plastic Low Humic Latosol that is 
being developed from materials similar to those that give rise to the 
Kokokahi or Nonopahu soils. 


Pamoa clay, sloping phase (3 to 15 percent slopes) (Pv).—This phase 
occurs only on Lanai near the most humid limit of the series and at the 
highest elevations. It is subject to both wind and water erosion. 
When the soil is bare, wind erosion is especially serious on the exposed 
northern slope of Lanai. 

This soil is used entirely for grazing. Although limited by the 
amount of rainfall, the pasture production is greater than on most 
soils of the Molokai family. In grass plots near Maunalei, on Lanai, 
Guineagrass appeared to be doing well at the time the area was sur- 
veyed. Likewise, cultivation appeared to favor the uhuloa shrub, 
which had made a remarkable growth in 14 months, stopped wind 
erosion, and provided considerable shade for grasses. 


Pamoa clay, severely eroded phase (5 to 20 percent slopes) (Pv).— 
This phase consists of areas of Pamoa clay that have lost 12 to 20 
inches of the topmost layer. It occurs mainly near the drier limit of 
the Pamoa soils and produces at best the same amount of forage as the 
Molokai soils. Both wind and water erosion are active. In some 
places barren blowouts are associated with small dunelike deposits of 
silts and clays. In most places moderate quantities of loose stones 
have been exposed. 

'The profile in grassed areas has 2 to 4 inches of dark reddish brown 
A, horizon developed in the lower part of the former B; or B horizon. 
This is underlain by 4 to 8 inches of reddish brown or brown, moderate- 
ly sticky and plastic clay that grades to the gray or brown plastic 
clays adjacent to bedrock. 

The soil is used entirely for grazing on Lanai. On Oahu, most of it 
is idle. Piligrass and burgrasses are the principal vegetation, but 
much of the area is barren and actively eroding. 


Pamoa clay, gullied phase (5 to 20 percent slopes) (Pr). This phase 
is made up of areas of Pamoa clay eut into long narrow strips in the 
direction of the slope by gullies that extend to bedrock. These strips 
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of deep soil range from a few to tens of rods wide. The intervening 
steep-sided gullies cannot be crossed with ordinary machinery. The 
soil between the gullies varies from the uncroded Pamoa clay to the 
severely eroded phase. Most of it is moderately sheet- or wind- 
eroded, Severe sheet crosion is most extensive near the lower limits 
of the areas. If erosion is allowed to proceed, the entire area will in 
time be reduced to a rockland type consisting of a few inches of gray, 
clayey, weathered basalt in a mass of loose stones over solid bedrock. 

The soil is used entirely for grazing and provides a moderate amount 
of feed from piligrass and annuals during the 6 wettest months. Dur- 
ing almost half the year, little forage is produced. 


MAMALA SERIES 


The soils of the Mamala series are nearly level reddish soils derived 
mainly from fine-textured alluvium that is shallow or very shallow 
over coral limestone. They occur on the coastal plains of Kauai and 
Oahu, mainly in regions that receive less than 25 inches of rainfall a 
year, but locally receive as much as 40 inches. 

Modal profile of the Mamala series: 

A 0 to 3 inches, dark reddish-brown clay to silty clay loam ; well-developed 
medium crumb structure; very friable when moist; slightly sticky and 
plastic when wet; violent effervescence with H;0,; pH 6.5 to 7.5 +. 

B 3 to-15 inches, reddish-brown to brown clay or silty clay; well-developed 
medium crumb to medium blocky structure; very friable to friable when 
moist; slightly to moderately sticky and plastic when wet; violent to 
moderate effervescence with 1150»; pH 6.5 to 8.0. 

D 15 inches +-, coral limestone, generally well consolidated; commonly 
with 1 or 2 inches of grayish-brown to reddish-brown, clayey, weathered 
material at the top. . 

The parent material appears to be mainly alluvium. . In most places 
the underlying material is consolidated limestone derived from coral, 
but locally it consists of weakly to moderately consolidated coral 
sands. The solum normally extends to this material or to a very thin 
zone of weathering at the top of the coral lunestone. The underlying 
coral limestone has contributed some material to the substratum and 
undoubtedly added bases to the soil solution. Small areas of dark- 
colored soil resembling a Rendzina were included. : 

.The Mamala soils grade from profiles approaching the deep, red, 
Íriable Ewa soils at one extreme to those that approach the weakly 
hydromorphie, slightly plastic Waialua soils „at the other. The 
Mamala soils generally have slightly more plastic clays than those of 
the Ewa series, which are derived from similar alluvial deposits that 
are not associated with limestone. 


Mamala silty clay loam (0 to 3 percent slopes) (M2A).—This is a 
brown or reddish brown soil that is 12 to 30 inches deep over coral 
limestone. It occurs on the nearly level coastal plains of Oahu. The 
soil is moderately well suited to mechanized agriculture, and its deeper 
areas are comparable to the Ewa soils in productivity and in manage- 
ment requirements. Its excellent physical condition is comparable to 
that of soils of the Ewa or Molokai series in the same zone. 

Most of the area of this soil on the sugar plantations is used for the 
production of cane under irrigation. Small areas that have limestone 
outcrops were included in the mapping unit, but generally they are 
not a serious obstacle to cultivation 
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The soil that has been used for cane for a long time is considerably 
higher in organic matter than the virgin soil. Those areas that are 
not used for cane are used mainly for grazing or are jn military res- 
ervations. Algaroba commonly makes a very dense growth on this 
soil and may provide considerable forage during the fruiting season. 
Annual grasses grow well during the wetter season, and their forage 
appears to be considerably better on this than on the associated soils 
of the Molokai series. Koahaole does well in some localities. Water 
relations appear to be better on this low-lying soil than on the deeper 
soils of the uplands in the same region. 


Mamala silty clay loam, very shallow phase (0 to 3 percent slopes) 
(M21). —This is a very shallow soil ranging from 3 inches to as much 
as 12 inches in thickness over coral limestone. The depth to bedrock 
varies greatly within any given area, and rock outcrops in some places 
occupy as much as 10 or 15 percent of the surface. Some loose coral- 
limestone fragments commonly are scattered over the surface of most 
areas. 

The soil profile is essentially that of the uppermost 5 to 12 inches 
of the normal Mamala silty clay loam. In uncultivated areas it con- 
sists of a thin, dark reddish-brown, crumb-structured A, horizon over 
3 to 8 inches of reddish-brown or brown silty clay or silty clay loam. 
This material rests on coral limestone, which in places has a thin zone 
of weathering at the immediate surface. In some places the soil has a 
silt loam texture. 

This phase is commonly too stony for machine cultivation. Locally 
it overlies coral sand instead of coral limestone and a few areas that 
overlie coral limestone on Oahu are sufficiently deep and free of stones 
to be cultivated by machinery. Some areas on Oahu were once used 
for sisal, but the plantation has been abandoned. 


Mamala clay (0 to 3 percent slopes) (M y).— This soil resembles 
Mamala silty clay loam; but it is generally slightly less red, and the 
clays are more sticky and plastic. It occurs on nearly level lands of the 
Oahu coastal plains. The soil ranges from 12 or 15 inches to about 30 
inches in thickness over coral limestone, or locally over unconsolidated 
coral sand. 

The A, horizon is commonly only 3 or 4 inches thick and consists of 
& brown or dark reddish-brown, moderately plastic and sticky clay. 
Beneath this material is a brown or reddish-brown clay that has a mod- 
erate medium to coarse blocky structure and is moderately sticky and 
plastic when wet. The soil appears to be derived from heavy-textured 
alluvium that has been deposited over coral limestone, or in some 
places over coral sand. In some places the soil is grayish brown 
instead of reddish brown. 

Little or none of the area is used for cultivated crops; most of it is 
idle or is used for grazing. As on the other Mamala soils, algaroba 
makes a dense growth in some places and provides considerable feed 
during the fruiting season. 


Mamala clay, very shallow phase (0 to 3 percent slopes) (Mz).— 
This soil ranges from 3 or 4 to as much as 12 inches in thickness over 
coral limestone or locally over unconsolidated coral sands. It is ex- 
tremely variable in thickness within short distances. Limestone out- 
crops are numerous, in some places making up 10 or 15 percent of the 
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land area. Loose coral-limestone rock is common on the surface. 
The soil occurs on the nearly level coastal plains of Oahu and Kauai. 

This phase normally is a brown or reddish-brown moderately sticky 
and plastic clay with a very thin slightly darker A, horizon. Included 
are a few small areas that have grayish-brown or dark grayish-brown 
heavy but friable A, horizons over a lighter colored but equally fine- 
textured and sticky and plastic subsoil. These soils resemble Rendzina 
soils in their general appearance. They have been included in this 
mapping unit because of their small extent and intimate association 
with the clay types of the Mamala series. 

The soil is generally too shallow and stony for machine cultivation. 
It is used principally for grazing or is idle. Part of the area on Kauai 
is used for the production of sugarcane under irrigation. In these 
areas, the loose stones have been removed from the land, and in at least 
part of the area the soil overlies coral sand instead of limestone. 

The soil supports a dense cover of algaroba in some places, which 
supplies a moderate amount of feed during the fruiting season. Koah- 
aole appears to do well in spite of the shallow depth of the soil. An- 
nual grasses supplement the feed during the wetter parts of the year. 
Cactus is prominent in idle areas. 


EWA SERIES 


The Ewa series consists of red soils developed on deep alluvium in 
dry regions. The annual rainfall averages less than 25 inches; eleva- 
tions range from sea level to 1,000 feet. These soils occur in areas 
having a long dry season that lasts from 4 to 6 months or more. Veg- 
etation consists mainly of algaroba, small shrubs, and annual grasses. 
The series includes some of the best land for irrigated cane on the 
islands of Kauai and Oahu. The areas on Maui are very stony and 
are not used for cane. 

Model profile of the Ewa series ! 

A, Oto 3 inches, dark-red or dark reddish-brown silty clay; weak fine platy 
to medium crumb structure; very friable when moist, nonplastic when 
wet; violent effervescence with H,O.; pH 6.0 to 7.5. 

B, 3 to 18 inches, red to reddish-brown silty clay; weak coarse prismatic 
structure; friable when moist, nonplastie when wet; violent effervescence 
with H;O;; pH 6.0 to 7.0. 

B2 18 to 38 inches, red to reddish-brown silty clay; moderate coarse to 
prismatic to medium blocky structure; friable when moist, nonplastic 
when wet; soil mass effervesces moderately or not at all; commonly 
contains many 1.4- to 1.8-inch brown or black concretions that effervesce 
with HO. 

Bs; 38 to 60 inches, red to reddish-brown silty clay; moderate coarse pris- 
matic structure; friable when moist, nonplastie when wet; little or no 
effervescence with H,Oy; locally, black coatings on aggregates effervesce; 
pH 6.0 to 7.5. 

C, 60 inches+, reddish-brown, weathered, fine-textured alluvium grading to 
grayish-brown material; the deep substratum may contain weathered 
gravel. 


The soils are derived mainly from materials classified as older 
alluvium by the Geological Survey. In some places, however, recent 
alluvium from the adjacent red soils of the uplands has contributed 
to the soil material. The material is dominantly fine-textured and is 
highly weathered. The soil profile is like that typical of the Molokai 


1 Ewa silty clay, nearly level phase. 
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family; the greatest difference from the Molokai series is a somewhat 
greater friability of the D; and B; horizons. The soils may be consid- 
ered the analogs of soils of the Molokai series on alluvium instead of 
on bedrock weathered in place. 


Ewa silt loam, nearly level phase (0 to 3 percent slopes) (Ex).— 
This phase includes some of the best land for sugarcane in the Hawaiian 
Islands. Under irrigation the “long crop” has produced as much as 
18 tons of sugar an acre. 

The soil differs from the generalized profile given for the Ewa series 
principally in being a silt loam throughout the A and most of the B 
horizons. Textures become somewhat finer with depth, grading to a 
silty clay or silty clay loam at 24 to 36 inches. In some places where 
recent alluvium has contributed to the upper part of the soil, the silt 
loam texture may extend to depths of 40 or 50 inches. The clays are 
nonplastic when wet, and the soil is easy to kcep in an excellent physi- 
cal condition. 


Ewa clay, nearly level phase (0 to 3 percent slopes) (Ep).-~This 
phase was mapped only in the vicinity of the Nanakuli Homesteads 
west of the Waianae Range on Oahu. It differs from the other types 
of the Ewa series in being considerably heavier in texture and in not 
being so red. 

In uncultivated areas the uppermost 3 or 4 inches is a dark reddish- 
brown, erumb-structured, very friable silty clay or clay. The subsoil 
consists of a reddish-brown to brown, slightly lighter colored clay that 
is firm in place but moderately friable when removed. The material 
is only slightly or moderately sticky and plastic; the structure is weak 
medium blocky or coarse prismatic. The color becomes redder with 
an increase in elevation. 

The soil is used mainly for grazing and has relatively low carrying 
capacity. The vegetation consists mainly of algaroba, such shrubs as 
ilima, and annual grasses that spring up after rains. In some areas 
koahaole is moderately thrifty. Locally, near the upper limit of the 
type, lantana occurs as a small stunted shrub. 


Ewa very stony clay loam, phases undifferentiated (3 to 18 percent 
slopes) (Ea).—These are extremely stony red soils developed on 
alluvium on terraces graded to a receding sea. The soil occurs typi- 
cally on West-Maui, as foot slopes of the Waianae Range, and to a 
limited extent on the island of Kauai. Tt consists of a mass of loose 
stones, commonly with weathered outer shells, between which a red, 
reddish-brown, or brown soil similar to that of Ewa silty clay, nearly 
level phase, occurs. Unweathered rock particles give the soil material 
a gritty feel that suggests the characteristics of a clay loam. 

This soil is unsuited to cultivation with machinery because of its 
extreme stoniness. The stones occur not only on the surface but 
throughout the soil, and in most places removal of surface stones would 
not permit machine cultivation. The soil is used mainly for grazing 
and supports the usual dryland vegetation of algaroba, small shrubs, 
and annual grasses. 


WAIPAHU SERIES 


Only one unit of the Waipahu series—~Waipahu silty clay, nearly 
level and gently sloping phases—has been mapped. It consists of 
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brown soils and occurs in regions of low rainfall. Annual rainfall 
varies from 25 to 40 inches. Elevations range from seu level to 230 
feet. This soil is much less red than most soils in comparable climatic 
zones. : . 

Modal profile of the Waipahu series: 

A; 0 to 4 inches, dark brown or dark reddish-brown silty clay; moderate 
medium crumb structure; very friable when moist; slightly plastic when 
wet; violent effervescence with H,O.; pH 6.0 to 7.0. 

B, 4to20inches, brown silty clay; moderate medium crumb to weak medium 
blocky structure; friable when moist; slightly plastic when wet; moderate 
to strong effervescence with H50;; pH 6.0 to 7.0. 

B, 20 to 72 inches, brown silty clay; moderately firm in place; weak medium 
blocky structure; friable when moist; moderately sticky and plastic 
when wet; weak or no effervescence with H;O»; pH 6.0 to 7.0; in some 
places white streaks suggestive of gypsum occur in the lower part of the 
layer and extend into the C horizon. 

C 72 inches -+, weathered, poorly assorted alluvium. 

This series is developed on older alluvium on distinct terraces, mainly 
in the vicinity of Waipahu, on Oahu. The alluvium is deeply 
weathered, poorly assorted, and in places cemented with limonite or 
hematite. This series differs from the Ewa series in being distinctly 
brown instead of red or reddish brown, but the reasons for the differ- 
ence are not known. Rainfall is slightly greater than on the Ewa 
soils; but that by itself does not account for the color difference, as is 
evidenced by the red soils under higher rainfall in the Lahaina family. 
The Waipahu series is commonly slightly more sticky and plastic than 
soils of the Ewa, series, and in places it gradually merges into the more 
sticky and plastic, weakly hydromorphic soils of the coastal plain. 


Waipahu silty clay, nearly level and gently sloping phases (0 to 5 
percent slopes) (W2»).—M ost of this mapping unit is a silty clay in 
texture, nonstony, free of gravel, and nearly level. Locally, where the 
older alluvium grades into the more sticky and plastic alluvium of the 
lower lying coastal plain, the soil is moderately sticky and plastic and 
would be more properly characterized as a clay. A few small areas 
have a small quantity of loose stone or gravel on the surface. Erosion 
is nof serious. 

These phases have physical properties that make them well suited 
to cultivation. They absorb and hold water well, and their gentle 
slopes favor irrigation. They arecasy to work and to conserve. They 
are very deficient in nitrogen; and like other soils of the Molokai 
family, they are relatively better supplied with potassium than soils 
in wetter regions. They have a high phosphorus-fixing capacity. 

These phases should be as well suited to pineapple as other soils 
near the wetter limit of the Molokai family. At present, their location 
in irrigated cane-producing areas precludes their use for pineapple. 
If they were used for grazing, the carrying capacity would be low 
equal to or slightly greater than that of soils of the Molokai and Ewa 
series. Vegetation in the few uncultivated areas consists mainly of 
algaroba, cactus, annual grasses, and the small shrub, ilima. Lantana 
occurs near the wettest limit. 


SOILS OF THE LAHAINA FAMILY 


The relationship of the Lahaina family to other families of the 
Low Humic Latosol group are shown in table 17 in the section on 
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Relationships Among Soils of Hawaii. The soils of this family are 
brown to dark reddish-brown and are generally uniform in texture 
and chemical composition throughout the solum. Unlike the soils of 
the Molokai family, they have distinct A; horizons that range from 
6 to 10 inches in thickness. Their pH values may be lower than those 
of the Molokai soils, although not necessarily so. These values range 
from 5.0 to 7.0 in the A; horizon and are rarely above 6.5 in the B 
horizon. Effervescence with H20; is strong or violent in the Ay and is 
moderate to weak in the B. 

Textures have been classified as silty clays, silty clay loams, or 
clay loams throughout the solum. Mechanical analysis would show 
that practically all of these soils are clay or heavy clay, but the nature 
of the clay fraction is such that their physical properties are like those 
of soils that are high in silt. Available evidence indicates that the 
clays are predominantly of the kaolinitic type. 

Soils of the Lahaina family are on all of the islands surveyed. 
Annual rainfall in the areas where the soils occur ranges from 20 to as 
much as 60 inches a year but is mainly within the range of 20 to 40 
inches. Elevations range from sea level to 2,100 feet, but most areas 
are below 1,500 feet. 

The soils of this family are mainly in vegetation zone B as defined 
in the section on Soils and Vegetation, but locally extend slightly into 
vegetation zone Cı. The present vegetation is of the lowland shrub 
type, somewhat like that on the soils of the Molokai family. The 
shrubs are more numerous and vigorous, and the annual grasses are 
longer-lived than on soils of the Molokai family. At the lowest 
elevation, algaroba is prominent; at higher elevations lantana and 
cactus often form dense thickets that choke out all undergrowth. 
Koahaole is well adapted and forms dense stands in many places. 
The smaller shrubs include ilima and uhaloa. At the lower elevations, 
piligrass is particularly prominent; in the upper part Bermudagrass 
and Natal redtop may form a perennial grass cover. The species 
present are almost entirely exotic, and the association varies greatly 
from place to place. 

Most of the soils of this family that are adapted to cultivation are 
used for production of sugarcane under irrigation or for pineapple. 
Extensive areas of stony, shallow, or moderately steep soils are 
generally used for grazing. 

The relationships among soil series of the Lahaina family are given 
in table 46. 

Differences among soil series are mainly associated with differences 
of parent materials. The soils of four series—the Lahaina, Paia, 
Keahua, and Ulupau—are derived from basalt or andesite weathered 
in place. Of these, soils of the Lahaina series are the reddest and have 
been differentiated from the Paia and Keahua soils on the basis of 
color. Soils of the last two series are reddish brown. The Paia series 
has a firm or slightly compact subsoil, whereas the Keahua has a loose, 
friable subsoil. This difference may be associated with a difference in 
the length of the dry season, which is longest in the climatic zone of 
the Keahua soil. The Ulupau are brown soils that occur in intimate 
association with soils of the Lahaina series near the windward side of 
the island of Molokai. The difference between these soils and the 
Lahaina soils can probably be attributed to the effect of the ocean 
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TABLE 46.—Key, modal profile, and environment 


Modal profile 
Horizon Color (dry) 
Ton = 
i er 
Key Series | sym- | Range in depth 
bol to— Texture | 
pe Name Munsell | 
Upper | Lower | | 
limit | limit f i 
Inches | Inches 
Ay 0 6-10 | Dark reddish 10R 3/2- Silty elay..... 
| brown. 2.5Y R 3/4. 
A. Derived from ba- Bi 0-10 | 15-21 Red... IOR 3/6- — |... (o E 
saltorandesite: 2.5Y R4/6 
1. Red soils. ...... Lahaina.( B; | 15-21 42-00 _..-- ODE sects 10R 3/6~ Eclzsdd uoo. 
2.5Y R4/6 
Reddish brown.| 2.5Y R 4/4- |... do. ceased 1 
5Y R 5/4. 
Reddish brown, brown, or grayish brown silty 
| -.| Basalt or andesite bedrock at depths ranging 
At 0 6-11 | Dark reddish 2.5Y R 3/2- Silty dlay..... x 
brown. 2/4. 
2. Reddish-brown Bi | 6-311 | 14-24 | Reddish brown.) 5YR 4/8- — |..... do... 
Soils: 2.5Y R 4/4 
Be | 14-24 | 36-54 |..... MGs sestec cen SYR 4/3- EE do.......- 
a. With firm | Paia.) | 2D RAN | 
sukjsoil C, | 36-54 | 48-66 | Brown... 7.8YR 54- | dosad 
5/2. 
|| Ca | 48-66 | 724- | Brown and gray soft weathered rock in which 
D ` Basalt or andesite bedrock at depths ranging from 
At Dark reddish ; 2.5YR 3/2- | Silty clay..... 
brown, i 24 
Bi Reddish brown | 2.5YR4/4- |... OO pe 
to brown. a AE hh 4 
" 1 Tos B: Brown to red- 2.5YR 4/4- |----- (eee 
b. quu ede Keahua. dish brown. 5YR 4/4 
C 14-36 Brown or gray- | TSYR 5/4- 
ish brown, 5/2 
D rp harses Andesite or basalt b edrock____ 
At 0 6-10 | Brown... ...... 7T.5Y R 4/2- 
| 5/2 
Bi 6-10 | 7-24 i.....d0... .......| 7.8Y R 4/4- 
i 5/4 
3. Brown soils Ulupau - 
(subject to 
ocean spray). Br | 724 9-42 | Grayish brown..| 10YR 4/2- |... dO eios 
5/2 
| C Grayish brown variegated weathered rock 
| D 
B. Derived from al- | | i 
luvium or ma- 
rine sediments: 
1, Older deposits: | 
a. Red soils: i 
Ar | 0 6-9 | Dark reddish SYR 3/2-3/4.| Silty clay. 
B | 6-9 2.5Y R 3/6- | HN 
à 4/0 
@) With pem | Kabuku p, | 12-18 25YR 3E |. do... 
|| Cy | 21-48 -| Reddish-brown or brown variegated, firm, 
ÁÀ i consolidated coral sand and may overlie it at 
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Modal profile—Continued Environment 
‘ " ul Vege- 
á Consistence Effer vescence “Te Rain- | u— f; 
Structure (moist) pH with H202 Island fall | Elevation pron 
Inches Feet 
Weak to moder- | Very friable... 6.0-7.0 | Strong or vio 
ate medium or lent. 
coarse crumb. ! i 
Weak medium | Friable....... 5. 5-6.5 | Moderate to | 20-30 | 250-2, 100 | B. 
blocky. | strong, l 25-40 | 750-2, 000 | B. 
| Moderatetoweak |..... AG vise wna cus ,5.0-6. 5 | Slight or none...j 25-40 0-1, 500 | B. 
| medium blocky. 25-40 0-1,000 | B. 
jt n ee wee net Firmo un 25-40 | 250-1,000 | B. 
1 
clay around weathered rock cores_____|_ 
from 7 to 20 feet or more__._- 
Strong medium | Very friable.. | 
erumb. i 
Weak medium | Friabie-..-.__-- | 
blocky. | 
Moderate medi- | Firm to slightly == | | | 
um blocky, eompact in Hawaii, 25-40 | 0-1,000 | B. 
| _ place; friable. |fMaui_._| 25-40 : 0-1, 000 | B (Lo- 
Leak? do............| Firm to com- |5.0-0.5 | None... | i cally 
pact in place; | i Ci). 
| friable. i | | 
unweathered rock cores are embedded. $ | 
6 to 10 feet or more... 
Moderate med- | 
ium crumb. g j 
Weak medium 5.5-6.5 | Moderate to | 
blocky. M weak, i f 
~-+-0--.--------- Friable.......... 5.5-6.5 | None... waur | 39-35 | 400-1,500 | B (Lo- 
E | i cally 
Around weathered rock cores__.-..--|-.--.-../.-2-. Oops an aan H A). 
if 
| Moderate to — | Friable___._--__- 
| strong medium 
erumb. 
Moderate medi- | Firm -----------|5. 5-7.0 1 do... ! 
um blocky or i 
medium pris- ijMolokai! 30-35 , 400- 600 B. 
matic. Í i 
Weak coarse sssetl0z. ces 55.0 | Nome iuc i 
blocky. | 
retaining original strueture.._...-....--..-------------.-- +) 
i 
i 
Strong medium Friable.......... 5.5-7.5 | Violent... 222-2. 
crumb, 
NOME menm EE cs eee 5.5-7.5 | Btrong.-__... 
focky. | din. 
mus do. ....... Firm____.__..___|5,5-7.5 | Moderate pps a 90:30), 80 OD. 
moderately plastic, weathered alluvium; soil is associated with i i 1 
: l 


depths ranging from 30 to more than 60 inches. 
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Taste 46.—Key, modal profile, and environment 


Modal profile 
> EN 
| Horizon Color (dry) 
Let- ES 
" ter 
Key Series sym.-| Range in depth 
bol to— Texture 
e ee Name Munsell 
Lower 
limit 
Inches | Inches 
Ai 0 4-7 | Dark reddish- 2.5YR 2/4- | Silty clay 
brown. 3/4 loam. 
nm 4-7 18-24 | Red_..__-..-__..] 25Y R 3/6- |... d9:. eid 
: " ot 3/8 

(2) With fri- | Waika- 6 E 
able | pu B» | 18-24 | 48-70 |.....do.......... 2. SYR 3/6- |... Dor 
subsoil. By | 48-70 | 72-84 |... ST PNE 10R 3/6-4/6 |... do... 

c 72-84 |1.......- Red and yellow variegated soft, weathered gravel 
b. Reddish- 
brown 
soils: 
Ay 0 6-10 | Dark reddish- SYR 2/2-3/4 
JB 6 20 pin 
T 5 faul 1 -10 12-30. |... .d9. ------- 5Y R 3/2-3/4 |. 

Q) Wilh asi Wailuki | p; | 12-20 | 42-60 | Heddish-brown | 5Y R 4/8-5/4 |... o 7 | 
Orel i| e 42-60 |........ Yellow or brown variegated, soft, weathered 
subsoil. Ar] 0 6-10 | Dark reddish- | 5YR 3/3-3/4 | Silty clay.....| 

brown. 
Bi 6-10 12-20 | Reddish-brown..| 5Y R. 4/3-5/4 

(2) With blue- | Kama- B: 12-20 | 36-48 | Yellowish-red...| 5Y R 4/6-5/8 
and-red nanui. 
flamed H B: 36-48 | 54-72 | Bluish-gray, flakelike, clayey aggregates in a 
subsoil. ground mass; sharp contact with horizon C. 

[9] 54-72 |... Yellow and brown varicgated, soft, weathered 
2. Younger de- 
posits: 
a. Local allu- 
vium from i 
adjacent 
Soils: i 
Ai 0 7-12 | Dark reddish 5YR 2/2-3/4.! Silty clay. .... 
brown. 
B 7-12 36-00 | Red to reddish | 10R 5/6 — j..... CC ene 
brown. 25YR 5/4. 

(1) Red soils..| Maliko . 

Cc 36-60 |........| Brown to red- 7.5Y R-5YR |..... do__..----- 
dish brown. 5/4. 

Di joas ......| Uneonsolidated red or reddish brown weathered 

Al 0 8-14 Dark reddish 5Y R 3/3-3/A |.....! do. icu 
brown. 

(2) Reddish- | poole. 
brown $ Bı 8-14 | 30-42 | Reddish brown.| 5YR 4/3-4/4. |. ....do..... 
soils. hua. 

Bs | 30-42 | 60-78 |.--_- C C SE SYR 4/3-4/4 |. .... Ca 

Ò | 60-78 |--.---.- Brown or grayish-brown fine-textured, friable 
b. General allu- 
vium from 
weathering 

rocks: 
i EVI 0 6- 9 Dark reddish 5Y R 3/3. Clay loam..... 
| Town. 

4 Over lava..) Manoa..| p | 6.9 | 9-24 | Reddish brown | 5YR 4/4... |. ....do.. 

C 9-24 ]|........ Brown or reddish-brown, friable clay loa 
Bo i "id la 

(2) Over cin- " At 0 5-8 | Tr reddis 5YR3/3.... | Clay loam..... 

dersor | Makikt-}) yy | 5s |1860 | Reddish brown | SY 44... do c 
s D |1860 |....... Volcanic cinders or ash locally partly consolidated; 
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Modal profile—Continued Environment 
] Vege- 
a Consistence Effervescence Rain- : T 
Strueture (moist) pH with H202 Island fall | Elevation uon 
| Inches Feet 
Moderate međi- | Very friable .... 6.0-7.0 | Violent.......... 
um crumb. | 
| Weak fine blocky- Friable ........ 5, 6-7.0 |...--d0..--..----- Lanai...| 20-30 |1,000-1, 500 | B 
Moderate fine to | -..-.do_......-...|5.0-6.5 | Coneretions MESES PE Ii B: 
medium block y. effervesce. Oahu...| 30-40 100- 900 B. 
Strong fine REG i Ea Renee 5.0-6.5 | Black coatings Eus x 
blocky. effervesce, 
and stone... = earan e AR rM 
| Moderate medi- | 
um crumb. | | i 
Wek ane blobe y Maut..| 30-80 100- 750 | B, Ci. 
gravel and stone - 
Moderate medi- | 
um crumb, 
Weak fine blocky. (5. 5-6.5 |... do-a 
NE di .|5. 0-6. 5 More to oahu 30-40 30- 100| B 
weak. sie b 
reddish-brown, friable silty clay |5.0-6.5 | Weak or none... 
gravel and l0. uciencesesccanciercsad2QReaxaeccc age cease nae 
| 
| 
Moderate me- Very friable... ..|5.5-7.0 | Very violent__.. 1 
E crumb, i $ | 
Moderate me- — |..... i PENA 5.5-6.5 | Strong to vio- Hawaii 25-40 0-1,000 | B. 
stum orum to | m Kauai... 20-50 |  0- 500| B, Ci. 
blocky te | Maui...| 20-40 0-1,000 | B, A. 
E do_._---..--..|-----do..........|5.8-6.5 | Weakornone... Oahu...| 20-40 9- 500| B, A. 
| 
material from basaltic rocks... ————— i 
Moderate to 12252200... Very violent.... 
stony medium 
crumb. 
Moderatetoweak | Friable or very |5. 5-6. 5 Strong or vio- ||Lanai...| 25-40 |1, 000-2, 000 | B. 
fine blocky. |. friable, lent. Molokai! 25-40 | 500-1,000 | B. 
Moderate fine Friable ........./5.5-6.5 | Weak or none... 
blocky. | 
Alay unt... ocucuenoecsceacesesiiead lesa e Gone aee edic eeide 
Moderate me- Very friable..... 5.0-6. 5 | Moderate. ...... 
dium crumb. Oahu...| 30-00 | 50- 250 | B, Ci. 
| 
n / 
| Moderate me- 
dium Crum Oahu...| 20-40} 20- 100 | B. 
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spray. The belt of Ulupau soils does not extend far inland from the 
sea cliffs, 

Eight soil series—the Kahuku, Waikapu, Wailuku, Kamananui, 
Maliko, Hoolehua, Manoa and Makiki—are derived from alluvium or 
marine sediment. These may be divided into (1) soils from older 
alluvium in which the soil profile most nearly approaches that of the 
soils on basalt or andesite, and (2) soils from younger alluvium that are 
transitional to the azonal soils of the Alluvial soil group. 

The soils from older deposits are the Kahuku, Waikapu, Wailuku, 
and Kamananui. The Kahuku and Waikapu are red soils. Soils of the 
Kahuku series have firm subsoils and have apparently been derived 
from marine sediments slightly or moderately influenced by coral sand. 
The Waikapu series is derived from general alluvium washed from the 
mountains inland and has friable subsoils. The Wailuku and 
Kamananui series have reddish-brown subsoils and give the appearance 
of being somewhat younger than soils of the Waikapu and Kahuku 
series. In the vicinity of Wailuku on Maui, the Wailuku soils generally 
occur on slightly lower terraces than soils of the Waikapu series. 
Likewise, on Oahu in the vicinity of Wailua, the Kamananui soils 
oecur at slightly lower elevations and on apparently slightly younger 
terraces than the Waikapu soils. 

The Wailuku soils have uniformly colored, reddish-brown B horizons 
that extend to the weathered gravelly alluvium. In the Kamananui 
soils, there is a zone of blue-and-red flamed material immediately 
above the weathered gravelly alluvium. This horizon is somewhat 
discontinuous but has been observed in many places. It usually 
occurs below the depth of sampling in the soil survey. 

The soils from younger alluvium consist of members of the Maliko, 
Hoolehua, Manoa, and Makiki series. Two series—the Maliko and 
Hoolehua—are derived from the local alluvium washed from adjacent 
soils. The Maliko series occurs in small depressions and on concave 
slopes in the areas of red soil and is red or reddish brown. There was 
some question as to whether this soil should be included with the Low 
Humic Latosols or with the Alluvial soil group. It is apparently a 
relatively young soil consisting of highly weathered materials washed 
from the adjacent mature soils. Whether or not an appreciable degree 
of profile development has occurred is difficult to determine in these 
uniformly textured soils of the Lahaina family. The organic matter 
distribution is similar to that in the Lahaina series. 

The other series derived from local alluvium washed from adjacent 
soils is the Hoolehua, which oceurs in depressions and on large flats 
and in some places on the foot slopes of the upland. This series is 
reddish-brown in contrast to the red of the Maliko series. The posi- 
tion of the alluvium would indicate that it has been in place longer 
than the alluvium that gives rise to the Maliko series. The Hoolehua 
soils have outstandingly strong effervescence with H:O, to considerable 
depths in the solum, and manganese in the form of pyrolusite is 
segregated as small concretions in the B horizon as in the normal soils. 

Two series—the Manoa and Makiki—have been derived from 
general alluvium from weathered rocks in relatively wet regions. The 
Manoa series consists of a shallow soil over hard lava. It occurs mainly 
on the island of Oahu on the relatively recent basalts of the Honolulu 
series. The Makiki is derived from similar alluvium, but it overlies 


LOW HUMIC LATOSOLS 233 


relatively unweathered volcanic cinders or ash. The two occur in 
intimate association in the vicinity of Honolulu. : 


USE AND MANAGEMENT 


The soils of the Lahaina family that are suited to cultivation are 
among the best in the Hawaiian Islands for sugarcane under irrigation. 
They are second only to the soils of the Molokai family. Sunlight for 
soils of the Lahaina family is not quite so great in intensity and dura- 
tion as in the region occupied by soils of the Molokai family but is 
greater than in most areas of similar rainfall. Yields of cane and the 
percentage of sucrose in the cane are high. 

The physical condition of the soils is as well suited to irrigation as 
that of the Molokai family. Although porous, the soils are fine- 
textured and hold water well. They are relatively higher in potash 
than soils in wetter regions and relatively well supplied with most 
bases. They have a high capacity to fix phosphorus in unavailable 
forms; and they are deficient in nitrogen, although not to the extent of 
souls of the Molokai family. Good yields can be obtained only with 
intensive fertilization. Moisture is a principal limiting factor. Where 
irrigation water is not available, the soils are uscd for pineapple or for 
grazing. 

‘These are also among the best soils in the Hawaiian Islands for pine- 
apple. Pineapple is produced with the use of mulch paper to conserve 
water, for even in this climatic zone moisture is a limiting factor during 
a relatively long period of the year. Some of the best pineapple land 
on the islands of Lanai and Molokai are on soils of this family. 

The Lahaina soils are more productive of pasture than the soils of 
the Molokai family, principally because of the higher total rainfall and 
better seasonal distribution. During the dry summer months, vege- 
tation may be dormant for long periods. Grasses, however, are 
dormant for considerably shorter periods than on soils of the Molokai 
family and make greater growth during the wet months. Algaroba 
fruit 1s relatively less important as a source of forage on these soils 
than on soils of the Molokai family. 

Suitability for use depends greatly upon such factors as slope, 
stoniness, depth over bedrock, and degree of erosion. "These are 
factors that are used to differentiate phases within soil types. The 
mapping units of the Lahaina family are grouped in table 47 to show 
their suitability and physical limitations for mechanized agriculture. 


Soils well suited te mechanized agriculture. The soils well suited 
to mechanized agriculture are the nearly level and gently sloping 
phases of the Lahaina family (table 47). The soils are deep and well- 
drained and are only slightly eroded or locally moderately eroded. 
They occur on slopes that range mainly from 0 to 8 percent in gradient; 
& few areas have slopes as steep as 10 percent. 'lhere are few or no 
loose stones on the surface or within the plowed layer. Most soils 
are more than 4 or 5 feet deep to bedrock, but a few are as shallow 
as 30 inches. The soils are mainly fine-textured, but the clays are 
relatively inert and are not easily puddled. The soils hold water well. 
They are deficient in nitrogen and fix phosphorus in forms unavailable 
to plants, but they are relatively better supplied with potash than 
most soils in wetter regions. 


TABLE 47.—Suitability and physical limitations for mechanized agriculture of mapping units of the Lahaina family 


Soins WELL SUITED to MECHANIZED AGRICULTURE 


| Depth 
Soil family and mapping unit Slope Erosion | Loose stones; to | Principal physical limitations 
| bedrock | 
Lahaina family, nearly level phases: Percent Inches 
Lahaina silty clay, nearly level phase............ 0- Slight__._| Slight. 40+) None. 
Waikapu silty clay loam, nearly level phase.......| 0- 3 | E Nr cosas 40+ 0. : 
Hoolehua silty clay, nearly level and gently slop- |} 0- 5 (8) |...do..... e. eee 40+] None; loeally slopes slightly re- 
ing phases. | stricting for irrigation. 
Hoolehua clay, nearly level and gently sloping | 0- 5 L22d05 2. m Tm 40+| None. 
phases. 
Makiki clay loam, nearly level phase.-.......... | 0- 2 None........do....... 404- Do. 
Maliko silty olay_---------------------------- 0- 5 Jc o EEE E E 40+ Do. 
Lahaina family, gently sloping phases: 
Lahaina silty clay: | 
Gently sloping phase_-.....-.-------------- | 2-10 Blight....; Slight...... 40--| Slope slightly restricting for irriga- 
| tion. 
Eroded gently sloping phase------------------ (8-8 Severe. ..1...do..... 12-40 | A few loose stones. 
Paia silty clay, gently sloping phase... 2... 2- 8 Slight- --l---d0------- 40--| Slope slightly restricting for irriga- 
i tion. 
Paia silty clay loam, gently sloping phase........ 2- E i a S E (en 40+ Do. 
Keahua silty clay, gently sloping phase---------- 3- 8 AEs Co EN cT. i 30+ Do. 
Ulupau clay, gently sloping phase--------------- 3-1 NEL NE z-dozcucoue 30+ Do. 
Kahuku silty clay, gently sloping and sloping 1 3- 8 (15) |...do..... ce a Ko eee 40+ Do. 
phases. i 
Waikapu silty clay loam, gently sloping phase....| 2- 8 ee) eee None... ... 40-F| Do. 
Wailuku clay loam, gently sloping phase--------- | 2-8 x cM cuca 40+} Do. 
Wailuku silty clay, gently sloping phase. - - -.2- 8 | S cee HN oe orte 40+ Do. 
Kamananui silty clay, gently sloping phase.......| 0- 5 .-do.....| oe Lo ener 40+) Do. 
Sorts MODERATELY WELL SurTED TO MECHANIZED AGRICULTURE 
Lahaina family, sloping phases: | 
Lahaina silty clay: | 
Sloping phase. 22252 sone ce eee ep wesc 8-15 Moderate_| Slight. 404-| Slope. 
Eroded sloping phase__..-.-------.----------- | 8-15 | Severe___|_-.do._.---- 30+) Slope and eroded condition. 


PES 


TIVMVH JO AYOLINUYL JO AWAHS 'IIOS 


Wind-eroded phase__.___..-__-_-_------------- | 8-15 Ee le NET; 30--| Slope and microrelief due to wind 
erosion. 

Paia silty clay: 

Sloping phase___-_----_-------------------- | 8-15 Moderate.|...do....... 30--| Slope. 2. 

Eroded sloping phase_._..._-.-_----------.-- 8-15 Severe_--|-.-do__.---- 30--| Slope and eroded condition. 
Waikapu silty clay loam, sloping phase---------- | 5-15 Moderate.| None...... 40--| Slope. "n 
Wailuku clay loam, eroded sloping phase. ........ | 6-15 Severe. ..| Slight_..--_ 40+] Slope and eroded condition. 
Hoolehua silty clay, eroded sloping phase_______- | 5-16 SeedOzsese None...... 40+ Do. 


Sorts POORLY SUITED TO MECHANIZED AGRICULTURE 


Lahaina family, stony types and shallow phases: | 
Lahaina stony silty clay, eroded sloping bao us 8-15 Bevere...| Moderate... 20+] Slope; loose stones; locally shallow 


| depth. 
Keahua stony silty clay: | | 
Eroded gently sloping phase_____.___.-__-___.- 2- 8 ME c ee OOo wees 20--| Loose stones; occasional outcrop; 
| eroded condition. 
Eroded sloping phase___.__.______---------.. | 8-15 uzsdonesccu uscüoskeizez 20--| Loose stones; occasional outcrop; 
| slope. 
Kahuku stony silty clay, gently sloping and slop- | 8-15 Moderate.|...do....... 40+ | Loose stones; slope, eroded condi- 
ing phases. tion. 
Waikapu stony silty clay, phases undifferentiated..| 0-10 Sva@Okcacu -..do....... 30+ o. 
Manoa stony clay loam, nearly level phase....... 0- 3 None....| Very stony.| 12-30 | Loose stones; shallow depth. 


Sorus Very PoonLY SUITED or Unsuirep ro MECHANIZED AGRICULTURE 


Lahaina family, very shallow, very stony, or mod- | 
erately steep phases: 


Lahaina silty clay, eroded moderately steep phase .|12-30 Severe___| Moderate... 30+] Slope and eroded condition. 

Lahaina very stony silty clay, eroded phase______ 5-30 ot OO MES | Very stony.; 20-60 us stoniness; shallow depth, 
and slope. 

Paia stony silty clay, shallow phase. ...... o... 3-15 e | Moderate...| 12-30 | Shallow depth; loose stones; slope. 

Keahua stony silty clay, shallow phase___.___._- 3-20 EdOceice dO. 12-30 | Shaliow depth; outcrop; loose 

| | stones; slope. 

Ulupau very stony clay, phases undifferentiated.. 3-30 Heide. cen Very stony- 6-30 | Severe stoniness; shallow depth; 

slope. 


! Minor proportion of slopes extend to limit shown in parentheses. 
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These soils are exceptionally well-suited to production of sugarcane 
under irrigation. The gentle slopes make irrigation relatively simple, 
and there are few or no serious physical limitations to the use of heavy 
machinery. On the nearly level phases of the Lahaina family (table 
47), ditches can commonly be laid out in a rectangular pattern with a 
minimum of leveling. On the gently sloping phases, irrigation must 
generally be on the contour; but the slopes are usually not complex, 
and the pattern of ditches can be relatively simple. On most areas 
there are few or no stones to interfere with cultivation or harvesting, 
and bedrock rarely crops out. Production of sugarcane is the principal 
use of the soils well suited to mechanized agriculture on the islands of 
Maui, Hawaii, and Oahu. Yields are generally good and are surpassed 
only on the better soils of the Molokai, Honouliuli, and similar families 
in regions with greater sunlight. 

Where irrigation water is not available, as on Molokai and Lanai, 
these soils are used mainly for the production of pineapple. They 
include the most productive fields on both Molokai and Lanai. 
When used for pineapple, they are subject to the usual iron deficiency 
in addition to the normal plant-nutrient deficiencies described for 
production of sugarcane. Fertilization is essential for efficient crop 
production, and in addition spraying for correction of iron deficiency 
is absolutely necessary. Moisture is not so commonly a limiting 
factor in pineapple production on these soils as on similar soils of the 
Molokai family. 

Areas not irrigated and not used for pineapple are used mainly for 
grazing. Although the carrying capacity is greater than that on 
similar soils of the Molokai family, it is still relatively low. The 
production of grass is decidedly seasonal. The greatest growth occurs 
during the winter and spring months. 

Near the wetter limits of the soils, Bermudagrass and Natal redtop 
form a perennial grass cover that supplies considerable feed throughout 
the year. At the drier limit, piligrass is particularly promunent 
and behaves as an annual. Koahaole is well adapted and often forms a 
dense stand throughout the range of the soil. The vegetation zone is 
subject to considerable fluctuation of plant association under un- 
restricted grazing, and weeds such as lantana and annual or short- 
lived herbs may be serious pests unless grazing is controlled. Grazing 
appears to favor lantana at the expense of koahaole. 


Soils moderately well suited to mechanized agriculture.—The soils 
moderately well suited to mechanized agriculture are the sloping 
phases of soils in the Lahaina family (table 47). Slopes are the 
principal limiting factor; they range mainly from 5 to 15 percent in 
gradient. They cause considerable difficulty in the distribution of 
irrigation water, but the soils are used under irrigation for the pro- 
duction of cane., 

Some of the soils in the group are severely eroded; in some areas 
as much as 20 or 30 inches of soil have been lost. In spite of this loss, 
these soils are relatively easily reclaimed for cultivation, and on 
reclaimed areas the productivity is probably only slightly less than 
before erosion. In most of the eroded areas, some loose stones, 
consisting of solid rock cores that have been uncovered as the soil 
was lost, appear on the surface. Continued erosion will reduce 
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the soil depth, and consequently seriously diminish the water-holding 
capacity and uncover enough bedrock outcrops and loose stones to 
interfere materially with cultivation and harvesting. 

When these soils are used for cane, the problem of erosion is rela- 
tively slight, since the soil must be irrigated and all fields laid on the 
contour for the distribution of irrigation water. In addition, the dense 
cover afforded by the growing cane permits relatively little loss of 
soil. When these soils are used for pineapple, the erosion problem is 
serious. Most of the eroded areas occur on pineapple land or on 
lands that are idle. 

Areas used for grazing have vegetation like that described for soils 
well suited to mechanized agriculture and appear to have similar 
carrying capacity except where erosion is active. 


Soils poorly suited to mechanized agriculture.—The soils poorly 
suited to mechanized agriculture are the stony types and shallow 
phases of soils in the Lahaina family (table 47). Conditions that 
hinder the use of machinery are more serious than for the preceding 
group. Loose stones are generally so numerous that machinery can 
be used only with difficulty unless the land is cleared. In many places 
bedrock outcrops seriously interfere with cultivation. In some areas 
loose stones are removed by bulldozers, and the soils are then managed 
much like the nonstony soils. 

Most of the soils of this group are relatively shallow and have 
lower water-holding capacities than the deeper sloping soils. 

In the Hawaiian Islands as a whole, a smaller proportion of the total 
area of these soils is cultivated than of the level and gently sloping 
soils. In places, however, these soils are cultivated, especially where 
they occur in intimate association with the soils that are well suited to 
the use of machinery. Large tracts in areas formerly used for sugar- 
cane were abandoned when the cost of hand labor became a secious 
factor in cane production. 

In most areas these soils are used in much the same way as the 
better soils with which they are associated. Small areas adjacent to 
deep, nonstony soil types may be cropped with those types. Yields 
of cane produced under irrigation are probably somewhat lower than 
on the better soils in the vicinity. When these soils are used for 
grazing, the carrying capacity is lower than on soils well and moder- 
ately well suited to agriculture, although kinds of vegetation are 
similar. Extensive areas may be almost bare of vegetation where 
erosion is active. If erosion is checked, however, vegetation rees- 
tablishes itself quickly. 


Soils very poorly suited or unsuited to mechanized agriculture.— The 
soils very poorly suited or unsuited to mechanized agriculture consist 
of phases of the Lahaina family that are very shallow, very stony, or 
moderately steep (table 47). One or more of these adverse factors is 
so limiting that the use of heavy machinery is extremely difficult. 

Most of these soils are used for grazing or are idle. Small areas that 
occur in intimate association with better soils of the same family may 
be used for cane or pineapple in about the same way as the adjacent 
soils., Where these soils occur in extensive areas within regions used 
for cultivation, they are being abandoned. Considerable areas are 
idle in the cane- or pineapple-producing regions, 
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For the most part, however, these soils occur in regions used for 
grazing. Where they are used for grazing, their carrying capacity 18 
generally lower than that on the deeper nonstony soils with which they 
are associated. The water-holding capacity is generally less, and 
vegetation becomes dormant much sooner during dry periods. The 
same species of plants are common on these soils as on the nearly level 
phases of the Lahaina family, but the density of cover and the amount 
of growth are less. 

LAHAINA SERIES 

The red soils of the uplands in regions that receive 20 to 40 inches of 
rain a year are members of the Lahaina series. These soils occur at 
elevations that range from sea level to 2,100 feet and are entirely 
within vegetation zone B as defined in the section on Soils and Vegeta- 
tion. They are fine-textured but very friable soils with moderately 
well developed A, horizons. They are moderately to strongly acid 
and effervesce with H:O; violently in the upper part, but only moder- 
ately below a depth of 10 or 12 inches. 

Modal profile of the Lahaina series: 

A, O0 to 8 inches, dark reddish-brown silty clay; weak to moderate medium 
or coarse crumb structure; friable when moist or dry; nonplastic when 
wet; strong or violent effervescence with H,O2; pH 6.0 to 7.0; roots 
numerous. 

DB, 8 to 18 inches, red silty clay; weak medium blocky structure; friable 
when moist, nonplastie when wet; moderate to strong effervescence 
with II305; pH 5.5 to 6.5; roots present. 

Bo 18 to 50 inches, red silty clay; moderate to weak medium blocky struc- 
ture; friable when moist or dry, nonplastic when wet; only slight or no 
effervescence with H:O, but some profiles have dark-colored coatings 
on cleavage planes that may effervesce with H50;; pH 5.0 to 6.5; roots 
extend into the horizon. 

C, 50 to 75 inches, reddish-brown silty clay containing some weathered rock 
fragments that retain the original rock structure; moderate to weak 
medium blocky structure; commonly firm in place and firm to friable 
when moist, slightly plastic or nonplastie when wet; no effervescence 
with H;05; pH 5.0 to 6.5; few or no roots. 

C, 75 inches +, reddish-brown, brown, or grayish-brown, weathered rock 
retaining the original rock structure and surrounding solid rock cores 
that increase in size and number with depth; grades to basalt or 
andesite bedrock at depths ranging from 7 to more than 20 fect. 

The soils of the Lahaina series are derived from basalt or andesite 
lavas that have weathered in place. The materials are very deeply 
weathered in most areas. Solid bedrock is usually at depths greater 
than 7 feet but in some places it is as deep as 50 feet below the surface. 


Lahaina silty clay, nearly level phase (0 to 3 percent slopes) (Lz).— 
This is the best soil of the Lahaina series for cultivation and one of 
the best in the Hawaiian Islands for pineapple. Most areas of this 
phase are essentially uneroded. The soil is deep and well drained; 
it is fine-textured but open and porous and holds large quantities of 
water available to plants. It is essentially free from stone except 
locally where small eroded areas have been included. The soil is 
easy to work and to conserve, and it is very responsive to fertilization 
if adequate water is available. The largest areas of the phase are on 
Lanai and Molokai where the soil is used for the production of 
pineapple. 

The soil profile is essentially that described for the Lahaina series. 
In cultivated areas the virgin A; horizon is mixed to some extent with 
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the underlying material, and a horizon that is equally high or higher 
in organic matter has developed. This horizon is thicker and higher 
in organic matter under irrigated sugarcane than it is under pineapple. 
Small black pyrolusite concretions may oceur in the B; horizon; and 
black coatings on cleavage planes are common, especially where the 
soil occurs on concave slopes. This is the deepest soil of the series— 
commonly about 5 feet thick over weathered rock material. Tffer- 
vescence with H;O; is usually most violent in this phase and extends 
ae into the profile than in most other phases of Lahaina silty 
clay. 

Areas of this phase on the islands of Lanai and Molokai are used 
principally for pineapple. The crop is grown with the usual mulch 
paper and requires sprays for the correction of iron deficiency. Where 
irrigation water is available, most of the phase is used for the produc- 
tion of sugarcane. Practically all of it on Oahu and Maui is used for 
that crop. Small areas among other phases of Lahaina silty clay 
that are too stony or shallow for cultivation are used for grazing. 
The value of the soil for grazing is limited by the length of the dry 
season. 


Lahaina silty clay, gently sloping phase (2 to 10 percent slopes) 
(Lp).—This phase consists of uneroded red soil on gently sloping areas 
in the uplands that receive from 20 to 40 inches of rain a year. Most 
areas are only slightly eroded or uneroded and have few or no 
loose stones on the surface. The phase occurs in intimate association 
with the nearly level and eroded gently sloping phases of Lahaina 
silty clay on the islands of Lanai, Maui, Molokai, and Oahu. 


The soil profile is essentially that described for the Lahaina series. 
In cultivated areas the original A; horizon has been mixed with thin 
layers of the underlying B horizon, and the plowed layer is generally 
slightly higher in organic matter than the original A; horizon. Or- 
ganic matter is highest in the plowed layer of the areas that have 
been used for irrigated cane. Effervescence with H:O; is usually not 
quite so violent as in the nearly level phase and commonly does not 
extend to quite so great a depth. 

On the islands of Molokai and Lanai, most of this phase is used for 
pineapple. Pineapple is produced with a paper mulch and with 
spraying for correction of iron deficiency. On Oahu and on Maui, 
irrigation water is available and the soil is used principally for sugar- 
cane. The slopes provide some slight restrictions for irrigation; 
ditches must be laid out on the contour. Normal tillage and harvest- 
ing operations with heavy machinery are restricted little or not at 
all. Yields of sugarcane and pineapple are probably similar to those 
obtained on the nearly level phase. 

The value of the soil for grazing is limited to some extent by rainfall 
deficiency. Rainfall is adequate to support a moderate stand of 
perennial grasses, however, and carrying capacity is considerably 
higher than on soils of the Molokai family. 


Lahaina silty clay, eroded gently sloping phase (3 to 8 percent 
slopes) (La).—This is a red soil on upland areas that receive between 
20 and 40 inches of rain a year and have undergone serious erosion. 
It occurs only on the island of Maui in the vicinity of Lahaina. 
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In most areas all of the A; horizon and most of the DB, horizon to 
a depth of 12 or 18 inches have been lost through erosion. In some 
areas a considerable part of the Be horizon has been removed. The 
soil is generally shallower to bedrock than is normal for Lahaina silty 
clay and commonly has some loose stones on the surface. There are 
generally some bedrock outerops in most areas. The depth to solid 
bedrock varies greatly, but loose rock cores are generally within 20 
inches of the surface. The scattered boulders on the surface do no 
occur in sufficient numbers in most areas to interfere seriously with 
cultivation. 

This soil is cropped exactly as the uncroded soils with which it is 
associated—almost entirely for sugarcane under irrigation. Produc- 
tivity for cane is probably slightly lower than that of the uneroded 
Lahaina silty clay. Where the soil is used for cane, the plowed layer 
has accumulated considerable organic matter and is similar in ap- 
pearance to that of uneroded Lahaina silty clay under the same use. 
The principal difference is in the depth of soil material over bedrock. 


Lahaina silty clay, sloping phase (8 to 15 percent slopes) (Lia).— 
This is a slightly or only moderately eroded soil. It occurs in regions 
where average annual rainfall ranges from 20 to 40 mches a year, 
principally as small isolated areas in association with the less strongly 
sloping soils of the Lahaina series. On Kauai, however, it occurs in 
relatively larger areas on the sloping land remnants between the 
gorges on the western slopes of the mountam. Most of the areas 
subject to erosion under present practices are eroded and have been 
included in the eroded sloping phase of Lahaina silty clay. 

The soil profile is essentially that described for the Lahaina series. 
It is slightly thinner than that for the less strongly sloping areas. In 
some places the A; horizon has been lost through erosion, but gener- 
ally a surface layer comparable to the original A, has developed. 
Such areas are distinguishable mainly by the less violent effervescence 
of the surface soil with H;0;. 

On the islands of Oahu and Maui, the principal use of the soil is 
for cane. On the islands of Lanai and Molokai, part of the soil is used 
for pineapple, but some areas are idle. Where this phase occurs in 
areas cropped to sugarcane or pineapple, it is used with the associated 
less strongly sloping soils. Productivity is probably slightly lower 
for crops that are not irrigated. Where the soil is used for pineapple, 
control of erosion is a serious problem; but where it is under cane, 
operations are on the contour and the vegetative cover effectively 
controls washing. 

Areas of this phase on Kauai are mainly used for grazing. The 
value of the soil for grazing is perhaps slightly lower than that of the 
gently sloping phase. 


Lahaina silty clay, eroded sloping phase (8 to 15 percent slopes) 
(Lic).—This is a red soil of the uplands in regions that receive between 
20 and 40 inches of rainfall a year. It is seriously eroded. In most 
places the A; and B, horizons have been completely lost, and in some 
places erosion has extended well into B: horizon. 

In cultivated areas the topmost 8 or 10 inches is a dark reddish- 
brown, friable silty clay in which effervescence with H,O, is moderate 
or violent. This is a horizon enriched in organic matter through the 
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normal cropping system. The underlying material is a red silty clay 
characteristic of the B» horizon described for the modal Lahaina soil. 
This horizon may have small concretions and black coatings of pyro- 
lusite on the structural aggregates. Weathered rock material is usually 
encountered at depths between 20 and 30 inches, and large numbers 
of boulders weathered from bedrock generally occur below 30 to 50 
inches. There are some scattered boulders on the surface, but the 
land is generally cultivable; outcrops are relatively few. 

Much of this soil on the islands of Lanai and Molokai is idle. Most 
of it on the islands of Maui is used for the production of sugarcane 
under irrigation in association with cane on the adjacent uneroded 
and more gently sloping areas. When so used, the soil is cropped in 
essentially the same way as the gently sloping Lahaina silty clay, 
but the slopes cause more difficulties in the distribution of water and 
to some extent in harvesting and tillage operations. The growth of 
sugarcane is apparently not seriously affected by the eroded condition 
of the soil, but pineapple on these areas is conspicuously less vigorous 
than on the less steeply sloping and uneroded areas nearby. 

On Kauai, this phase is used principally for grazing. Areas used for 
grazing have a lower carrying capacity than the uneroded sloping 
phase, and relatively large tracts where erosion is active are barren. 
Under proper grazing management, such areas can be regrassed and 
probably made as productive as the uneroded sloping phase. 


Lahaina silty clay, wind-eroded phase (3 to 15 percent slopes) 
(u).—This soil occurs only on the island of Lanai in a small, seriously 
wind-eroded area at the northwestern end of the much-dissected 
uplands. Part of the area is almost bare of vegetation. An estimated 
one-half of the area is covered by grass, the grass usually occurring 
on deposits of windblown materials. The barren part consists of a 
windswept pavement on which there are small stones and small, 
shotlike pellets of pyrolusite that normally occur in the upper part 
of the B, horizon. The material from these blowout areas is accumu- 
lated near their margins in low, rounded, dunelike formations and 
around clumps of grass or small shrubs in the vegetated parts of 
the area. The result is a microrelief that would have to be leveled 
before this phase could be readily used for cultivation. 

This wind-eroded phase is included in an area used for grazing. 
The carrying capacity for grazing is relatively low. The soil oecurs 
at higher elevations than many areas of the Lahaina series. Under 
the cooler conditions prevalent at this altitude, it could be expected 
to produce as much forage as any soil of the Lahaina series if erosion 
were controlled. The sweep of wind across Kalohi channel strikes with 
full force on this exposed slope and makes the problem of reclama- 
tion difficult. 


Lahaina silty clay, eroded moderately steep phase (12 to 30 percent 
slopes) (L8).—M ost of this soil is severely eroded, but a few relatively 
uneroded areas have been included. The soil occurs for the most part 
in intimate association with less steeply sloping areas of the Lahaina 
series on the islands of Molokai and Oahu. Many of these areas are 
adjacent to steep-sided gorges that have cut back into the upland. 
In some places the erosion may be geologic rather than man-made. 
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The soil is a truncated profile of Lahaina silty clay as described 
for the Lahaina series. In most places all of the A, and B, horizons, 
and in many places essentially all of the B; horizon, have been lost. 

Most of this phase is idle or included in larger areas that are used 
for grazing. On Oahu many of those tracts that occur within cane- 
producing areas are used for sugarcane in association with less steeply 
sloping lands. The problem of irrigation is difficult on this phase, 
and some of the areas have been abandoned and allowed to grow up 
to lantana and other weedy shrubs. Koahaole forms dense thickets 
on many of such areas, and the carrying capacity of others probably 
could be improved by its introduction. Grasses do not form a sod 
dense enough to control erosion when heavy rains occur after a dry 
period. The carrying capacity of most of these areas is relatively 
low, and a large part of the total area is essentially barren. Where 
the phase occurs in pineapple-producing areas, it is usually idle. 


Lahaina silty clay, phases undifferentiated (3 to 30 percent slopes) 
(Lr).—In the areas where a reconnaissance survey was made, the 
various phases of Lahaina silty clay were not separated. All of the 
phases of Lahaina silty clay that have been described were included 
in this undifferentiated unit, but the sloping and the eroded sloping 
phases dominate. The unit is mainly on the island of Molokai, where 
it is used entirely for grazing. The carrying capacity is similar to 
that described for the dominant phases. 


Lahaina stony silty clay, eroded sloping phase (8 to 15 percent 
slopes) (Lix).—This phase consists of a truncated profile of Lahaina 
silty clay. Remnants of hard rock cores that were uncovered by 
erosion occur on the surface of the present soil. Solid bedrock cores 
are very numerous at depths greater than 20 to 40 inches. The soil 
is difficult to cultivate with machinery. A few small areas that cannot 
be cultivated with machinery were included. 

The weak blocky, dull-colored material above the weathered rock is 
exposed in some places, and weathered rock fragments occur through- 
out the profile. In most places, however, there 1s some remnant of the 
lower part of the By horizon, and there is commonly some overwash 
of surface soil that is thoroughly mixed with the soil material in 
cultivation. The resulting soil in cultivated areas consists of a 6- to 
10-inch layer of plowed soil, moderate to low in organic matter, 
overlying a thin remnant of the B horizon that rests on the dull-colored 
C, horizon characteristic of Lahaina silty clay. Effervescence with 
H:O; is mild to strong, and the texture is commonly slightly heavier 
than normal for Lahaina silty clay. 

The soil occurs on the island of Oahu in association with nonstony 
Lahaina soils. Essentially all of it was at one time cropped to cane or 
pineapple along with the associated soils, but there has been consider- 
able abandonment. At the time of survey, the plantations reported 
that the range of available plant nutrients on this soil varied within 
the range of variation in the associated uneroded Lahaina soils. Cane 
and pineapple yields were estimated to be somewhat lower than on the 
uneroded Lahaina silty clay, sloping phase, but the principal limiting 
factor was the cost of irrigation and cultivation. 


Lahaina very stony silty clay, eroded phase (5 to 30 percent slopes) 
(Li).—This is a truncated profile of Lahaina silty clay. It consists 
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of areas on which loose rock cores and bedrock outcrops exposed by 
erosion almost prohibit the use of machinery. Rock cores are em- 
bedded in the soil mass, and increase in number and size with depth. 
An almost continuous mass of bedrock cores lies at depths below 15 
to 30 inches. The fragmentary, dull-colored material of the Ci 
horizon is generally exposed. Where erosion is not active, there is a 
layer at the surface that is moderately well supplied with organic 
matter. The soil occurs on the islands of Kauai, Maui, and Molokai. 

Most of the area was at one time used for cane or pineapple, but it 
has largely been abandoned. The carrying capacity of the soil for 
grazing is relatively low. It is limited not only by the scant and poorly 
distributed rainfall but also by widespread barrenness caused by 
erosion. 

PAIA SERIES 

Soils of the Paia series are Low Humic Latosols with reddish-brown, 
firm, or slightly compact subsoils. They occur on the islands of 
Hawaii and Maui at elevations ranging from sea level to 1,000 feet and 
under rainfall ranging from 25 to 40 inches a year. They are in 
vegetation zone B as defined in the section on Soils and Vegetation, 
but they extend slightly into vegetation zone C, on the island of Maui. 

The texture is fine; but the clays are relatively inactive, and the 
soils are friable and only slightly sticky or plastic. They have slightly 
acid A, horizons and medium to strongly acid subsoils. The upper 
part of the soil effervesces strongly with H:O». _Pyrolusite concretions 
or streaks on cleavage faces occur in the subsoil. 

Modal profile of the Paia series: 

A, Oto 8 inches, dark reddish-brown silty clay; moderate to strong medium 
crumb structure; very friable when moist, slightly plastic when wet; 
strong effervescence with H,0.; pH 6.0 to 7.0; roots numerous. 

B; 8 to 20 inches, reddish-brown silty clay; weak medium blocky structure; 
friable when moist, slightly plastie when wet; strong effervescence with 
11505; pH 5.5 to 6.5; roots numerous. 

B. 20 to 45 inches, reddish-brown silty clay; moderate medium blocky 
structure, firm and slightly compact in place, friable to crush when 
moist, slightly to moderately plastic when wet; weak effervescence with 
H,O; is commonly confined to black coatings on cleavage faces or to a 
few small pyrolusite concretions; pH 5.0 to 6.5; a few large roots extend 
through the layer. 

C, 45 to 56 inches, brown silty clay; moderate medium blocky structure; 
firm and compact in place, friable to erush when moist, slightly plastic 
when wet; no effervescence with H;O;; pH 5.0 to 6.5; includes fragments 
of soft weathered rock retaining original rock structure; few roots. 

C, 56 inches +, brown and gray, soft, weathered rock retaining original rock 
strueture in which unweathered rock cores are embedded; grades to 
solid andesite or basalt at depths ranging from 6 to 10 feet or more. 


On Maui these soils are derived from andesitic basalt or basaltie 
andesite; on Hawaii they are derived from basalt. In both areas, the 
materials have been weathered in place. These soils are generally not 
so deep as soils of the Lahaina series. They are deeper and have firmer 
subsoils than the soils of the Keahua series, which occur in the same 
climatic zone on the island of Maui. On both the islands of Maui 
and Hawaii most of the series is well adapted to cultivation and is 
used principally for the production of sugarcane under irrigation. 

There are five mapping units in the Paia series. Most of the area 
is Paia silty clay, which has been divided into three phases—the gently 
sloping phase, the sloping phase, and the eroded sloping phase. On 
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some parts of Maui, the soil is apparently slightly lighter in texture, as 
evidenced by greater friability and less plasticity of the upper parts of 
the solum; this soil has been mapped as Paia silty clay loam, gently 
sloping phase. Inextensive areas where the soil is eroded, stony, and 
shallow over bedrock have been mapped as Paia stony silty clay, 
shallow phase. Each of these units will be described in the following 
pages. 

Paia silty clay, gently sloping phase (2 to 8 percent slopes) (PL).— 
This is a gently sloping, reddish-brown soil that occurs in the vicinity 
of Paia on Maui. In most areas it is practically uneroded. 

The soil profile is essentially that described for the Paia series. The 
soil is reddest and has the highest pH value where it adjoins the 
soils of the Molokai family in the vicinity of Paia. In these areas the 
compaction of the Bə horizon is also least apparent. In the direction 
of Hamakuapoko, the compaction of this horizon becomes progres- 
sively more pronounced, the soil becomes more acid, and the A; horizon 
takes on a weakly granular structure. In the small area that occurs 
adjacent to the ocean below Pauwela, the soil is transitional to the 
Haiku family of the Humic Ferruginous Latosol group and has a 
faint grayish cast in the A; horizon. 

Essentially all of the soil is used for the production of sugarcane 
under irrigation. Plantations report that the soil does not absorb as 
much water as soils in the drier regions and that it dries out quite 
rapidly after irrigation. Cane yields reported in this section were also 
generally lower than those reported on soils of the Molokai family, 
and the cost of cultivation was slightly higher because of the slightly 
heavier nature of the soil. From the eastern limit of the soil type 
toward Paia, conditions progressively approach those for soils of the 
Molokai family. 

Although relatively little pineapple is produced on this soil, it should 
be better suited to pineapple than most of the soils used for that crop 
in the vicinity of Haiku. Little of the soil is used for grazing at the 
present time, but moderately productive pasture could be grown. 


Paia silty clay, sloping phase (8 to 15 percent slopes) (Pm).—This 
is an uneroded soil. It differs from Paia silty clay, gently sloping 
phase, principally in slope. On Maui, as for the gently sloping phase, 
the soil is least acid, reddest, and least compact in the vicinity of Paia 
and grades to a reddish-brown, distinctly compact, and distinctly 
more acid soil in the vicinity of Hamakuapoko. On Hawaii the soil 
occurs on Upolu Point as a narrow band that extends southward in 
the transition from the dry to the wet regions. Here it is very similar 
to the soil in the vicinity of Paia on Maui but is slightly less red in 
color and has perhaps a slightly thinner solum. 

Most arcas of this phase are used in the same way as associated arcas 
of the gently sloping phase. On Maui most of the area is used for the 
production of sugarcane under irrigation. On Hawaii only a small 
part of the area nearest the north coast is used for the production of 
cane; the rest is used for grazing. The soil has less capacity to absorb 
water and dries more rapidly after irrigation than the soils of the 
Molokai family. 

Although little used for pineapple, this phase should be as productive 
of that crop as the sloping phases of the Lahaina family. Nevertheless, 
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erosion. becomes a serious problem when this phase is used for pine- 
apple. Areas used for grazing, particularly on the island of Hawaii, 
produce moderate yields of forage, principally of species such as 
Dermudagrass, Natal redtop, and piligrass. 


Paia silty clay, eroded sloping phase (8 to 15 percent slopes (Px). 
This phase consists of croded areas of Paia silty clay, sloping phase. 
Most of the more friable soil material above the B; horizon has been 
lost, and the compact lower part of the subsoil has been exposed. In 
some places the soil may be eroded almost to weathered rock material. 
The effects of erosion are generally more pronounced than on soils 
with more friable subsoils, such as those of the Lahaina series. The 
compact lower subsoil is exposed, and the capacity of the soil to ab- 
sorb and perhaps to hold water is reduced sufficiently to be a serious 
limitation in the production of cane. 

The areas of this soil generally occur near the highest elevations 
at which Paia silty clay has been mapped. Usually in these places a 
thin to moderately thick A, horizon has developed in what was formerly 
part of the B, horizon. This A; horizon is moderately high in organic 
matter, judging from its color, and is friable and crumb-structured. 
It rests directly on the more firm or slightly compact material charac- 
teristic of the B, horizon of the Paia soils. 

Most of the soil oceurs either in areas outside the cane-producing 
section or as isolated areas associated with the uneroded phases of 
the Paia soils where cane is produced. In the latter location it is 
used much as the associated soils, but yields are probably lower than 
on the adjacent soil. There is commonly a noticeable difference 
between the vigor or the cane on this soil and that on uneroded areas 
of similar slope. 

Where this phase is idle, it is commonly covered with lantana or 
sometimes with cactus and such grasses as pili and Natal redtop. 
The carrying capacity for grazing is generally lower than that of the 
associated uneroded sloping phase as a result of the barren areas 
where erosion is active, the somewhat lower water-holding capacity, 
and the greater runoff of the rains that fall in the drier seasons, Pro- 
duction of forage is affected most during the dry periods of the year. 


Paia silty clay loam, gently sloping phase (2 to 8 percent slopes) 
(Pn).—In many respects this soil is transitional from the soils of the 
Molokai family to the slightly more plastic soils characteristic of 
Paia silty clay. The A, and B, horizons are apparently lighter in 
texture than the similar horizons of Paia silty clay, but the difference 
is probably more a matter of friability and the character of the clay 
than a difference in texture. The soil is uneroded in most places. 

This phase is characterized by about 6 inches of dark reddish-brown 
silty clay loam that has a moderately developed medium crumb struc- 
ture and that is very friable when moist and nonplastic when wet. 
The B, horizon is reddish-brown silty clay loam similar in color to that 
in Paia silty clay but more friable and less plastic. The firmness of 
the B, horizon in place, characteristic of the Paia soils, is apparent 
in this phase but is probably not so intense as in most areas of Paia 
silty clay. In other respects the profile is essentially similar to that 
described for the Paia series. 
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This is the best soil of the Paia series for cane under irrigation. The 
soil absorbs water better than Paia silty clay and does not dry so 
quickly after irrigation. As far as is known, plant nutrient require- 
ments are similar to those on Paia silty clay, although the soil is 
slightly less acid and is correspondingly better supplied with bases. 
The pH of the A, horizon in virgin areas is commonly above 6.0, and 
that of the subsoil is generally near 6.0. 

The adaptation of the soil to pineapple should be similar to that of 
comparable phases of the Lahaina series and as good or better than 
that of Paia silty clay. The soil occurs generally in the drier parts 
of the region occupied by Paia soils, and it is correspondingly less 
productive of pasture than the phases of Paia silty clay. 


Paia stony silty clay, shallow phase (8 to 15 percent slopes) (Po).— 
In many places it is difficult to determine whether the erosion on this 
shallow phase is man-made or geologic. Some of the eroded areas 
have been in their present condition for a long time. They have 
developed distinct A, horizons 5 to S inches thick over moderately 
friable, reddish-brown silty clay somewhat similar to that of the B, 
horizon of typical Paia soil. This material grades rapidly into more 
compact reddish-brown silty clay that rests on brown or gray soft 
weathered rock. This weathered rock retains the original rock 
structure and, in most places, occurs within depths ranging from 10 to 
20 inches. At these depths solid rock cores are encountered. ‘They 
increase in number with depth to solid bedrock, which is commonly 
found at depths of less than 40 inches. Rocks on the surface are simi- 
lar to rock cores that normally occur in C, and C, horizons of the 
Paia series. Enough of this material is exposed to account for the 
litter of loose rocks on the surface. 

The numerous rock outerops and the high degree of stoniness make 
this phase very difficult or impossible to cultivate with machinery. 
Areas are idle or are used for grazing. Water deficiency is limiting 
for longer periods of the year than on the deeper soils, but carrying 
capacity is higher than on similar phases of the Molokai family. 


KEAHUA SERIES 


The soils of the Keahua series occur under a rainfall range of 20 to 35 
inches a year, and at elevations from 400 to 1,500 feet above sea level. 
They are mainly in vegetation zone B, as defined in the section on 
Soils and Vegetation. They are reddish-brown soils in a zone of 
transition from soils that are definitely derived from rock weathered in 
place to soils that are definitely derived from voleanic ash on the 
northwestern slopes of Haleakala on Maui. Although this series is 
erouped with those of reddish-brown color, they are less red than the 
Paia series. They are fine-textured but extremely friable. The sur- 
face soils are nearly neutral, but the subsoils may have a pH value as 
low as 5.5. The uppermost 12 or 18 inches effervesces with H,OQ:, a 
reaction indicating the presence of manganese dioxide in this part of 
the soil. The manganese concretions in the form pyrolusite that are 
common in the Paia series are for the most part lacking in the Keahua 
series. 
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Modal profile of the Keahua series: 


A; 0 to 8 inches, dark reddish-brown silty clay; moderate medium crumb 
structure; very friable when moist, nonplastie when wet; strong effer- 
vescence with H:0:, pH 6.0 to 7.0; roots very numerous. 

B, 8 to 18 inches, reddish-brown to brown silty clay; weak medium blocky 
structure; very friable when moist, nonplastic when wet; moderate to 
weak effervescence with H:O; pH 5.5 to 6.5; roots numerous. 

B: 18 to 24 inches, brown to reddish-brown silty clay similar to the material 
in B, but slightly less friable and does not effervesce with H202; roots 
present; this horizon may be absent. 

C 24 inches +, brown or grayish-brown weathered rock retaining original 
rock structure in places and surrounding unweathered rock cores; ranges 
from 4 to 30 inches in thickness and grades to solid basalt or andesite 
bedrock; a few roots penetrate the layer. 


The soils of the Keahua series are derived dominantly from rock 
material similar to that from which the Paia soils are derived, but they 
show the influence of volcanic ash to a considerable extent, particu- 
larly near the upper part of the region the soils occupy. This ash has 
contributed to the more friable character of the Keahua soils. 

At the lower elevations at which the series occurs, the soil is dis- 
tinguishable from the Paia soils mainly on the basis of the lack of 
prominence of the B, horizon and slightly browner color. Progressing 
toward the higher elevations, the surface soil becomes darker brown or 
darker reddish brown, and the material generally becomes more loose 
and porous in all horizons. Near the upper altitude limit of the soils, 
the A, horizon feels like a loam or silt loam when it is first crushed. 
This apparently is due to aggregation, because when broken down and 
wetted, the material assumes the consistence of the silty clay found at 
lower elevations. Where the Keahua soils are transitional to the 
Reddish Prairie soils, bulk density appears to be definitely less than at 
lower elevations. The transition from soils that approach the Paia 
series at low elevations to soils that approach the Waimea series at 
higher clevations appears to be associated with decreasing tempera- 
tures and probably with increasing influence of volcanic ash with 
elevation on slopes of Haleakala. In most of the area occupied by the 
Keahua series the soil is shallow or very shallow over bedrock and rock 
outcrops are numerous. The zone of weathering above bedrock is 
usually thin, commonly not more than 6 inches in thickness. 

Four units of the Keahua series have been mapped on Maui. Of 
these, Keahua silty clay, gently sloping phase, is the only one con- 
sisting of deep soil with relatively little or no loose stones on the sur- 
face. Two phases, Keahua stony silty clay, eroded gently sloping 
phase, and Keahua stony silty clay, eroded sloping phase, have been 
mapped in areas where the soil is moderately deep over hard bedrock 
but eroded and sufficiently stony to interfere seriously with cultivation. 
The fourth unit, Keahua stony silty clay, shallow phase, consists of 
areas that are not only stony on the surface but generally shallow or 
very shallow to bedrock and high in proportion of bedrock outcrop. 
Each of these units will be described in the following pages. 


Keahua silty clay, gently sloping phase (3 to 8 percent slopes) 
(K3C).—This is a brown-appearing soil in the vicinity of Keahua on 
the lower part of the slope of Haleakala. The profile is the deepest 
variation of the modal profile shown for the Keahua series. Weath- 
ered rock material generally occurs at depths ranging from 24 to 36 
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inches, and solid bedrock at depths between 40 and 60 inches. The 
soil is loose and porous throughout, and the subsoil is more friable than 
that of the adjacent Paia soils. Effervescence with H,O; is most 
violent and extends to greatest depths in this phase of the Keahua 
series. Most areas are essentially uneroded, but a few in which all of 
the A; and B, horizons have been lost by erosion have been included 
because of their small total acreage. "The eroded areas are indicated 
on the soil map by erosion symbols. 

Most of the soil is used for sugarcane under irrigation. At the 
higher elevations, a small part is used for pineapple. The soil absorbs 
water well and does not dry so quickly after irrigation as most of the 
soils of the Paia series. In these characteristics it is more like the 
comparable phase of the Molokai series. Pineapple is produced with 
mulch paper and requires spraying with soluble iron salts for correction 
of iron deficiency, A relatively small part of this phase is used for 
grazing. 

Keahua stony silty clay, eroded gently sloping phase (2 to 8 percent 
slopes) (K8p).— All of the A; horizon and most of the B, horizon have 
been eroded from this soil. In some places the C horizon is exposed. 
Loose surface stones, made up of solid rock cores formerly embedded 
in weathered rock material, are derived from this exposed horizon. 
They are numerous enough to interfere seriously with but generally 
not to prohibit cultivation with machinery. 

Where this soil is cultivated, a 6 to 10 inch layer moderately well 
supplied with organic matter has developed in what was formerly the 
Bz or upper part of the C horizon. In some places this layer rests 
directly on weathered rock material; in others it is underlain by as 
much as 12 inches of the original B horizon of the Keahua soils. 

A considerable part of this phase is used for cane under irrigation 
or for pineapple. It is used for these crops in much the same way as 
Keahua silty clay, gently sloping phase. The major limiting factor 
is the presence ot loose stones on the surface. In many places, how- 
ever, these loose stones have been removed and piled within field 
boundaries and near the margins of fields. Water-holding capacity 
has been reduced by erosion, and the soil is generally not so productive 
as the gently sloping phase. 

In the areas used for grazing, the same species that occur on the 
nonstony gently sloping phase are dominant but they are seriously 
affected by lack of moisture for a longer period. Pastures are best at 
the highest elevations where evaporation is lowest, although rainfall 
may be litile or no greater than in the cane-producing areas. 

Keahua stony silty clay, eroded sloping phase (8 to 15 percent 
slopes) (KKa).—In most places this soil is covered with loose stones, 
and locally bedrock outcrops occur. The soil cultivated by machinery 
with difficulty. Most of the stones have been removed in areas used 
for cultivation. 

The soil profile is essentially that described for the eroded gently 
sloping phase. It is a truncated profile of Keahua silty clay in which 
all of the A, and most of the B, horizon have been lost. The present 
profile consists of a thin to moderately thick A; horizon or plowed 
layer, moderately high in organic matter, over a thin remnant of the 
original B horizon or over weathered rock material. 
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This phase occurs mainly in association with Keahua stony silty 
clay, eroded gently sloping phase, within sugarcane, pineapple, and 
pasture areas. Most of these tracts are small and are used m much 
the same way as adjacent soils. In pineapple-producing areas, the 
soils are seriously subject to continued erosion unless similar practices 
are followed. 

In areas used for grazing, a small part of the soil is barren where 
erosion is active, but extensive tracts have enough vegetation to con- 
trol crosion. The carrying capacity of this phase is probably some- 
what lower than that of the eroded gently sloping phase, but the 
ee of grazing management and cultural improvement are 
sumuar. 


Keahua stony silty clay, shallow phase (3 to 20 percent slopes) 
(Kxs).—Loose stones litter the surface of this phase in only slightly 
greater quantities than on the eroded sloping phase, but bedrock out- 
crops in so many places that cultivation with machinery generally is 
not feasible. In some places the soil appears to be a very severely 
eroded phase of the Keahua silty clay. Much of the area, however, 
appears to have shallow soil as a result of geologic rather than accel- 
erated erosion, or as a result of overlying lavas that are younger than 
those of the other members of the series. The soils occur on lavas of 
the Kula volcanic series that are undifferentiated from the lavas that 
underlie deeper soils on Haleakala, but the pattern of the very shallow 
and shallow areas is characteristic of that of the younger lava flows 
on the slopes of mountains. 

The areas of this soil consist of small knolls that commonly have 
rock outcrop in numerous places and are a few inches to as much as 
12 inches deep over solid bedrock. The knolls are interspersed with 
small flats or depressions where the soil material over bedrock may 
be as deep as 30 or 40 inches. 

On the knolls the soil consists of a 6- or 8-inch A, horizon that is 
apparently high in organic matter. This horizon may rest directly 
on bedrock, or it may rest on a thin brown or reddish-brown silty 
clay B horizon similar to that in the other Keahua soils. This silty 
clay material grades through a thin zone of weathered rock to the 
solid bedrock. 

On the flats or in the depressions, the upper 5 to 8 inches is a dark 
reddish-brown silty clay or silty clay loam that is moderately high in 
organic matter and effervesces strongly or violently with H,O:. This 
layer rests on a reddish-brown or brown B horizon, similar to that of 
the other Keahua soil. The B horizon grades at 20 to 40 inches 
through a 6- to 12-inch layer of weathered rock to solid bedrock. The 
deeper soil on the flats and in depressions appears to be partly the 
result of accumulations of wash from the adjacent knolls. 

An area that lies above the normal upper limit of occurrence of 
the Keahua series has been included in the phase. It occurs at 
elevations of 1,500 to slightly more than 2,000 feet. The soil in this 
area appears to be more strongly influenced by volcanic ash than 
normal for the series. Textures are predominantly silty clays or 
silty clay loams, but the soil is somewhat lighter in bulk density and 
appears to be more open and porous than is characteristic of the 
series. This area is transitional to shallow phases of the Reddish 
Prairie soils. 
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The phase is used entirely for grazing. Such grasses as pili are 
dominant at the lower elevations, and Natal redtop and Bermuda- 
grass at the higher elevations. Cactus is common and in some places 
forms dense thickets that almost exclude other plants. The carrying 
capacity is moderately low for most of the area but increases with 
elevation. At the higher elevations, it approaches that of the shallow 
and stony phases of the Waimea family. 


ULUPAU SERIES 


A small area in the region of Lahaina soils on the island of Molokai 
near the northern coast has been mapped as the Ulupau series. ‘They 
are brown instead of red. The soils of this series occur under rainfall 
ranging from 30 to 35 inches at elevations between 400 and 600 feet 
above sea level. They are adjacent to a low cliff that bounds the 
northern coast of the central plateau of the island of Molokai. They 
received considerable amounts of ocean spray, and the differences 
between the Ulupau soils and the Lahaina soils are thought to be 
the results of salts in this spray. 

The soils are brown instead of red, and the consistence is that of 
clay instead of silty clay. In some respects, the profile resembles 
that of a solodized Solonetz, but most of the characteristics of those 
soils are lacking—characteristics such as high pH, extreme plasticity, 
presence of a well-defined A, horizon, and hardness of the B horizon. 
The horizon sequence is more like that of a Low Humic Latosol; 
and this small area of soil has been included in that group, although 
1t differs in several respects from the soils characteristic of the Lahaina 
family. 

Modal profile of the Ulupau series: 

Ai 9 to 8 inches, brown clay; moderate to strong medium crumb structure; 
Íriable when moist but moderately plastic when wet; moderate to weak 
effervescence with H:0:; pH 6.0 to 7.5; roots numerous. 

B, 8 to 15 inches, brown clay; moderate medium blocky or medium prismatie 
structure; friable when moist, firm when dry, moderately plastic when 
wet; moderate to weak effervescence with H;O;; pH 5.5 to 7.0; roots 
present. 

Bj 15 to 27 inches, grayish-brown clay; weak coarse blocky structure; 
firm when moist, hard when dry, moderately plastic when wet; no 
effervescence with H:0:; pH 6.0 to 7.5. 

C 27 inches +, gray or brown weathered rock retaining original rock 
structure; grades to unweathered andesite at depths ranging from 12 
to more than 60 inches. 

The Ulupau soils occur both on olivine basalts and on andesite as 
mapped on the geologic map of Molokai (1). If they were confined 
to the olivine basalts, one might suppose that they are transitional 
genetically from Low Humic Latosols to Dark Magnesium Clays. 
The area in which they occur is subject to high wind, and in many 
places the soil is both wind and water eroded. Where water erosion 
is active, sheet erosion commonly strips the A, horizon down to the 
B, Erosion below that depth is usually confined to gullying. The 
erosion spreads after the gullies reach solid bedrock until the entire 
area is essentially reduced to a thin layer of weathered rock in which 
a weak A, horizon may develop. 

Two units of the Ulupua series have been mapped in Hawaii. The 
uneroded areas have been mapped as Ulupau clay, gently sloping 
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phase, and the severely eroded shallow and very stony areas as 
Ulupau very stony clay, phases undifferentiated. These two 
separations are described in the following pages. 


Ulupau clay, gently sloping phase (3 to 10 percent slopes) (Ur). 
The soil profile of this phase attains the deepest development shown 
in the modal profile of the Ulupau series. The B; horizon commonly 
extends to a depth of 3 feet or slightly more, and solid bedrock 
generally occurs at depths of more than 50 inches. Generally the 
soil is slightly wind and water eroded. In eroded spots the D, horizon 
is exposed at the point of contact with the A. This contact in the 
uneroded soil is very sharp. In the eroded condition, this exposed 
surface becomes moderately hard upon drying, but in the uneroded 
soil the DB, is friable. From the edge of the sea cliff, where the soil 
is the brownest and occasionally has a grayish tinge, there is a gradual 
transition inland to the boundary with soils of the Molokai or Lahaina 
series, where the soil is distinctly reddish and less clayey. 

None of the area is cultivated; it is either idle or used for grazing. 
The vegetation consists mainly of burgrass, the small shrub, ilima, 
and some Bermudagrass. Shrubs such as algaroba, common on 
the Molokai soils, appear to be lacking on the Ulupau soils. On 
the eroded areas, vegetation may be entirely absent, but in many 
places i¢ has been reestablished and produces a thin A, horizon. 
The soil is subject to moderately long periods of dry weather during 
the fall and summer months, and its value for grazing should be com- 
parable to that of phases of Lahaina soils at the driest limit of their 
occurrence. 


Ulupau very stony clay, phases undifferentiated (3 to 30 percent 
slopes) (Ua).—' These phases are very stony, shallow, and mainly 
severely eroded. Many unweathered rock cores uncovered by erosion 
occur on the surface, and commonly rock crops out in many places. 
'The soils are not suited to cultivation with machinery. 

The soils have a weak A, horizon established in what was originally 
the weathered parent material of the Ulupau soils. This horizon grades 
into gray or brown weathered rock that retains the original rock 
structure. The weathered rock grades to unweathered andesite or 
basalt at depths ranging from 6 to 20 inches. In the deeper areas, 
rock outerops are few. ‘The deepest areas occur in small depressions 
that have probably received material washed from the adjacent higher 
lying land. 

Where erosion is active, 15 or 20 percent of the total area of this 
unit is barren. On the remaining area, the vegetative association is 
similar to that on the uneroded phase—principally burgrass, the small 
shrub, ilima, and Bermudagrass. The moderate or low carrying ca- 
pacity for pasture is considerably less than that of the uneroded phase. 


KAHUKU SERIES 


The members of the Kahuku series are red soils; they occur under 
rainfall ranging from 30 to 40 inches a year at elevations between 30 
and 100 feet above sea level. They are entirely within vegetation zone 
B as defined in the section on Soils and Vegetation. These soils are 
slightly more sticky and plastie than most soils of the Lahaina family 
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Throughout a large part of the region of their occurrence, the soils 
of the Kahuku series are associated with weakly to strongly consol- 
idated coral sands that have been blown inland and have since been 
consolidated. In many areas these sands are in evidence throughout 
the profile and have contributed to some extent to the soil material. 
The series as mapped, however, includes areas of deep soil in which 
there is no evidence of these calcareous materials either within the 
profile or in the underlying strata, In these areas the pH is commonly 
near 6.0 or below. In contrast, areas closely associated with coral- 
sand deposits have a pH generally above 7.0 in the substratum or in 
some places in the subsoil. The pattern of occurrence is so complex 
throughout much of the area that it was impossible to separate these 
two conditions at the scale of mapping used. 

Modal profile of the Kahuku series:? 

Az 0 to 7 inches, dark reddish-brown silty clay; strong medium crumb struc- 
ture; friable when moist, moderately sticky and slightly plastic when wet; 
violent effervescence with H:0:; pH 5.5 to 7.5; roots numerous. 

B, 7 to 15 inches, red silty clay; weak medium blocky structure; friable 
when moist, moderately sticky and slightly plastic when wet; strong 
effervescence with H.0.; pH 5.5 to 7.5; roots numerous. 

B, 15 to 35 inches, red silty clay; weak medium blocky structure; firm in 
place, firm to friable to crush when moist, slightly plastic and moderately 
sticky when wet; moderate effervescence with 1;0;; may have small, 
black, pyrolusite concretions or dark coatings on cleavage faces; pH 5.5 
to 7.5; may contain scattered grains of coral sand. 

C 35 inches +, reddish-brown or brown weathered alluvium or marine sedi- 
ments; commonly moderately sticky and neutral or alkaline because of 
influence of coral sand; material extends to depths of 6 feet or more in 
the deeper soils, but in areas of shallow soils it is thin and grades abruptly 
to weakly or strongly consolidated coral sands. 

These soils are derived from alluvium and are associated with coral 
sands in the vicinity of Kahuku on Oahu. The materials on which 
they oceur are designated as younger alluvium on the geologic map of 
Oahu (5), but they are older than those confined to the low-lying 
coastal plains and valley bottoms. In most places the soils of this 
series occur well above the present streams. 


Kahuku silty clay, gently sloping and sloping phases (3 to 15 percent 
slopes (Ko).—These phases are deep soils of the Kahuku series. They 
occur mainly on the gently sloping terraces in the vicinity of Kahuku 
on the island of Oahu. Those parts with slopes greater than 8 percent 
occur mainly on the lower part of the talus slopes of uplands in the 
immediate vicinity. 

The soil profile is that described for the Kahuku series. There is 
considerable variation in the depth of soil materials. In most places 
unconsolidated materials extend to depths of at least 6 feet, and in 
many places to depths of 15 or 20. In some areas, however, consoli- 
dated coral sands may occur within 24 inches of the surface. These 
areas are of limited extent. 


Essentially all of this unit is used for production of sugarcane under 
irrigation. The soil appears to absorb water well and to hold it for 
considerable periods after irrigation, but cane production on it has not 
been at the high level characteristic of the best soils of the Lahaina 
and Molokai families. This unit occurs in many places as small, ir- 


? Kahuku silty clay. 
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regularly shaped tracts within areas dominated by outcrops of consoli- 
dated coral sands. In these places the size and shape of the tract 
causes some difficulty in cultural and harvesting operations. Locally 
small knolls of consolidated coral sands crop out of the alluvium within 
areas of this unit and stand idle within canefields. None of this unit 
is used for pineapple. The small areas that are not cultivated are 
covered mainly with a dense growth of lantana or in some places with 
such grasses as pili and Bermuda. 


Kahuku stony silty clay, gently sloping and sloping phases (3 to 15 
percent slopes) (K».)— These phases occur most commonly on the 
gentler parts of the slopes at the base of mountains in the vicinity of 
Kahuku on Oahu. They are less commonly associated with consoli- 
dated coral sands than the gently sloping and sloping phases of Kahuku 
silty clay. The soil is generally covered with loose stones from the 
talus alluvium in the background; these interfere with cultivation. 
In the normal sequence of soils in these areas, Alluvial soils, mainly 
nonstony, occur on the low-lying flats. Areas of Kahuku stony silty 
clay, gently sloping and sloping phases, are adjacent to them on the 
lower parts of the slopes, and the darker colored, more plastic soils 
of the Kaena series occur above these phases on the talus slope. 
In a few places, areas that are moderately deep over consolidated coral 
sand and that have fragments of that material on the surface were 
included with the unit. 

Kahuku stony silty clay, gently sloping and sloping phases, is 
generally used for sugarcane under irrigation in association with the 
more nearly level Alluvial soils on adjacent flats. The distribution 
of irrigation water is more difficult on these than on the associated 
soils because of slope; and cultivation is interfered with to some extent 
by the loose stones on the surface. These phases appear to be as 
productive, however, as most of the areas of Kahuku silty clay, gently 
sloping and sloping phases, but they are probably not so productive 
as the associated Alluvial soils. 

The most stony parts of the unit, mainly areas that lie on the upper 
slopes, have been abandoned in some places. These areas are usually 
covered with a dense stand of lantana. 


WAIKAPU SERIES 


The members of the Waikapu series are red, friable soils. They occur 
on, Lanai, Maui, Molokai, and Oahu under rainfall ranging from 20 to 
40 inches a year and at elevations between 100 and 1,500 feet. They 
are entirely in vegetation zone B as defined in the section on Soils and 
Vegetation. The soil profile is much like that of the Lahaina series 
but it developed an alluvium instead of rock weathered in place. 
The Waikapu soils differ from Kahuku soils in having friable subsoils 
and in being slightly less sticky and plastic throughout the solum. 

Modal profile of the Waikapu series:? 

Aj 0 to 6 inches, dark reddish-brown silty clay loam; moderate medium 
erumb structure; very friable when moist, nonplastie when wet; violent 
effervescence with H,O,; pH 6.0 to 7.0; roots very numerous. 

Bi 6 to 21 inches, red silty clay loam; weak fine blocky structure; friable 
when moist or dry, nonplastic when wet; violent effervescence with 
H:0:; pH 5.5 to 7.0; roots numerous. 


3 Waikapu silty clay loam, 
304428—456—-—18 
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B, 21 to 58 inches, red silty clay; moderate fine to medium blocky structure; 
friable when moist; nonplastic when wet; contains numerous, small, 
pyrolusite coneretions that effervesce with H;O, as do coatings on 
cleavage planes in the lower part of the horizon; soil mass effervesces 
slightly; pH 5.0 to 6.5; roots present. 

B; 58 to 78 inches, red silty clay similar to the horizon above but efferves- 
cence with H,O, is confined to black coatings on aggregates or is absent; 
few roots. 

C 78 inches+, red and yellow, soft, weathered gravel and stones with fine 
material in the spaces between them; continues to great depth. 

These soils are derived from old alluvium. This alluvium occurs on 
relatively high terraces and is highly weathered. Commonly, the 
substratum consists of weathered gravel fragments that retain the 

original rock structure, but are soft. enough to break with the hands. 

On Maui the soils of this series occur mainly in the vicinity of 
Wailuku and southward on the drier, lower slopes of West Maui 
Mountain. At the foot of the slope, where West Maui mountain 
merges into the central plain, these soils grade almost imperceptibly 
into very young Alluvial soils from recent alluvium. In these places, 
the boundary is in some cases arbitrary; locally the recent alluvium 
extends upward over the Waikapu soils, becoming gradually thinner 
with elevation. In the vicinity of Wailuku, near the northern limit 
of the series, the Waikapu soils oceur on slightly higher terraces than 
the browner Wailuku soils, which are derived from similar materials. 

On Oahu, the series occurs on distinct terraces between the coastal 
plain and the residual soils of the uplands. In some places the 
boundary between the Waikapu soils and the soils derived from rock 
weathered in place was indistinct at the higher elevations. 

On Lanai and Molokai, the soils occur on accumulations of alluvium 
within the uplands. On Molakai, the boundary between the Waikapu 
and Molokai series was difficult to locate and is based mainly on the 
approximate boundary of alluvium as shown on the geologic map of 
the Island (7). In the basins of Lanai, the boundaries between this 
series and the Lahaina series are also indistinct, and they were finally 
located in some cases beyond the limits of alluvium as shown on the 
geologic map (6). 

Generally, the soils of this series are somewhat more friable than 
the associated soils derived from residuum of rock weathered in place. 
The significance of the separation, however, appears to be largely 
geological, 

Four units of the Waikapu series have been mapped. Three are 
phases of Waikapu silty clay loam: A nearly level phase, a gently 
sloping phase, and a sloping phase. The fourth unit consists of stony 
soils on which there is a litter of hard rocks on the surface sufficient 
to interfere with cultivation. This has been mapped as Waikapu 
stony silty clay, phases undifferentiated. 


Waikapu silty clay loam, nearly level phase (0 to 3 percent slopes) 
(Wr).—This is the best soil of the Waikapu series for cultivation. 
It is nearly level and is admirably suited to irrigation. Almost all 
areas of the soil are essentially uneroded, and there are few or no rocks 
on the surface. The modal profile presented for the Waikapu series 
is typical of this phase. 

On the island of Oahu essentially all of this soil is used for sugarcane 
under irrigation. The soil is relatively better supplied with potassium 
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than most soils in wetter regions, but it is deficient of nitrogen and 
fixes large amounts of phosphorus in unavailable form. Intensive 
fertilization is essential for high yields. 

On the island of Lanai, most of this soil is used for pineapple. 
Pineapple is produced with the aid of mulch paper and requires sprays 
with soluble iron salts for correction of iron deficiency. The soil is 
cropped in the same way as the associated soils of the Lahaina series. 
Rainfall in this area is within the lower half of the series range, but 
the soil occurs at elevations where native vegetation is more nearly 
characteristic of soils of the Lahaina family. 


Waikapu silty clay loam, gently sloping phase (2 to 8 percent slopes) 
(Ws).—This soil is only slightly inferior to the nearly level phase for 
cultivation. Slopes cause slight difficulty in the distribution of 
irrigation water for sugarcane but are not a serious handicap in the 
use of heavy machinery for cultivation and harvesting. Most of the 
area is essentially uneroded. On West-Maui a small proportion of 
the total area has been eroded in a few localities, and the weathered 
gravelly substratum is exposed. These eroded tracts are of limited 
extent and occur principally where the slopes break laterally toward 
the streams that have dissected the terraces. Elsewhere the soil 
profile is essentially that described for the Waikapu series. 

The phase occurs mainly on West-Maui and on Oahu and is used 
almost entirely for sugarcane under irrigation. It is cropped in the 
same way as the nearly level phase, but distribution of water for 
irrigation is more difficult. The slope contributes to a slightly 
greater susceptibility of the soil to erosion, but under cane, erosion 1s 
held to a minimum. This phase should be very well suited to the 
production of pineapple, and yields should be similar to those obtained 
on the Lahaina soils. 

The value of the soil for grazing would be limited by deficiency of 
rainfall, particularly during the 5 or 6 months of the year that nor- 
mally receive less than 2 inches of rain a month. Rainfall is adequate 
to support a moderate stand of perennial grasses, and the carrying 
ony should þe considerably higher than on soils of the Molokai 
family. 


Waikapu silty clay loam, sloping phase (5 to 15 percent slopes) 
(Wv).—This is a red soil on terraces. It occurs on the islands of 
Maui and Oahu, mainly as small areas in intimate association with 
the gently sloping phase of Waikapu silty clay loam. 

The soil profile is within the range described for the Waikapu series 
but is slightly thinner over weathered alluvium than on the less 
strongly sloping areas. In some places the A, horizon has been lost 
through erosion, but usually a plowed layer that is moderately high 
in organic matter has developed where cane is grown. Locally, where 
the terraces break to the streams that have dissected them on West- 
Maui, small areas are seriously eroded. In limited areas the weath- 
ered gravel and rock fragments that underlie the solum are exposed. 
A few small areas along intermittent streams on Oahu are similarly 
eroded; they occur mainly on slopes near the upper altitude limit of 
the phase. 

The soil occurs almost exclusively in areas that are cropped to 
sugarcane under irrigation, and it is used and managed in much the 
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same way as the adjacent nearly level or gently sloping phases. This 
soil is not subject to serious erosion under cane; but if it were used for 
pineapple, erosion control would be a serious problem. 

In a few areas that are not cropped, koahaole forms a dense cover 
and apparently improves the carrying capacity of pasture and helps 
control erosion. In these areas pili and Bermudagrass are among the 
most common species. 


Waikapu stony silty clay, phases undifferentiated (0 to 10 percent 
slopes) (Wv).—These phases have so much loose stone on the surface 
that machinery can be used only with difficulty. On most arcas the 
stones apparently come from the adjacent uplands that are underlain 
by lava. On some areas, mainly on the steepest slopes, they may be 
derived from resistant rocks exposed by erosion. The profile of these 
phases is similar to that described for the series, except that the upper 
layers are slightly heavier in texture, and the depth of solum over 
weathered gravel is generally less than 4 fect. 

A small area in which relatively younger alluvium, 12 to 30 inches 
deep, overlies the younger lavas of the Honolulu series has been 
included in these phases. These lava flows were principally Aa types, 
and the loose stones and clinkers characteristic of that lava now appear 
on the surface of the soil. Although this included soil is shallow or 
only moderately deep, the amount of rock outerop in the area does not 
seriously interfere with tillage. Most of the inclusion, however, is in 
urban uses. 


Except for the area on the outskirts of Honolulu, most of these 
phases are used for sugarcane under irrigation. They are cropped in 
association with the nonstony and the more gently sloping areas of 
Waikapu silty clay loam or with nearly level soils of the coastal plain. 
Where the soil is separated from better cane-producing areas, it has 
grown up to lantana or is used for grazing The carrying capacity of 
the phase for grazing should be similar to that of the nonstony soils 
of the Waikapu series. 


WAILUKU SERIES 


The brown or reddish-brown soils on old terraces in the vicinity of 
Wailuku and northward have been mapped as members of the Wailuku 
series. ‘They occur near the upper limit of the 30- to 50-inch rainfall 
zone of the Lahaina family, and the length of the dry season is less 
than average for the family. Elevations range from 100 to 750 feet 
above sea level. The soils occur principally in vegetation zone B but 
extend for short distances into vegetation zone B, (sce section on Soils 
and Vegetation). Cloudiness, especially near the upper limit of the 
series, is generally somewhat greater than in areas where the Lahaina 
soils occur, and as a result the yields of sugar are correspondingly less. 
Near the upper limit of the series, the soils show slight indications of 
the granular A; horizon characteristic of soils in wetter regions. 

Modal profile of the Wailuku series *: 

A, O to 8 inches, dark reddish-brown clay loam, moderate medium crumb 


structure; very friable when moist, nonplastic when wet; violent effer- 
vescence with H202, pH 6.0 to 7.0, roots very numerous. 


4 Wailuku clay loam. 
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Bi 8to16inches, dark reddish-brown to reddish-brown clay loam; weak fine 
blocky structure; very friable when moist or dry, nonplastie when wet; 
violent effervescence with H202; pH 5.5 to 6.5; roots numerous. 

Be 16 to 50 inches, reddish-brown clay loam, weak fine blocky structure; 
friable when moist or dry, nonplastic when wet; weak effervescence with 
H20 in the soil mass, but strong on small black, pyrolusite coneretions in 
the upper part of the horizon or on black coatings of cleavage planes in 
the lower part; pH 5.5 to 6.5; roots present. 

C 50 inches +, yellow or brown, soft, weathered gravel that retains the 
original rock structure; fine earthy material fills the spaces between; 
extends to depths of many feet. 

The soils of the Wailuku series are similar to those of the Waikapu 
series; they differ principally in being browner and in having shallower 
solums over weathered gravelly alluvium. In the vicinity of Wailuku, 
where the two series occur in association, the Wailuku series occupies 
the lower terraces and apparently is derived from somewhat younger 
material. Northward, however, the. Wailuku series completely 
replaces the Waikapu series, and it is impossible to determine that the 
differences between the two series are a result of differences in the age 
of material. 


The series occurs only on West-Maui Mountain. The terraces slope 
gently toward the sea and are deeply dissected by streams. Near the 
lower part of the slope, the Wailuku soils grade into the gray or 
grayish-brown Alluvial soils of the Ino series, which are derived from 
younger material. On the higher lying part of the terraces, especially 
at the northernmost limit of the series, effervescence with H20., is less 
violent in the upper part of the soil and extends to shallower depths. 
In these areas all pyrolusite concretions may be absent from the Bz 
horizon. These are also the most acid parts of the soil area. 


Wailuku clay loam, gently sloping phase (2 to 8 percent slopes) 
(Wx).—This is a good soil for sugarcane under irrigation. The dis- 
tribution of water is relatively easy. The soil is essentially free from 
stone and is well adapted to the use of heavy machinery. Most of 
the area is essentially uneroded, but one or two small areas were in- 
cluded on which erosion has removed most of the A and B; horizons. 

The soil profile on most of the phase is essentially that described 
for the Wailuku series. At the lower elevations, effervescence with 
HO; is most violent; at the high limit of the phase, it is confined 
mainly to the upper 20 or 24 inches of the soil. In these higher lying 
areas, the surface soil is somewhat granular instead of crumb-struc- 
tured. In many places yellowish, highly weathered pebbles occur 
within the lower part of what has been designated as the B, horizon. 
That part of the B; below 36 inches might be considered comparable 
to the B; horizon described for the Waikapu soils. 

Practically all of the phase is used for sugarcane under irrigation. 
The soil is easy to irrigate and to cultivate, and harvesting may be 
done with heavy machinery. Data supplied by the plantations show 
the soil to be medium or high in available phosphate and low or doubt- 
ful in replaceable potassium. It is uniformly deficient in nitrogen. 
Extensive fertilization is necessary for good yields. Cloudiness is 
slightly higher than in areas where Wailuku silty clay, gently sloping 
phase, occurs, and the production of sugar is consequently somewhat 
lower. Although pineapple cannot compete with sugarcane in this 
area where irrigation water is available, it should be as productive 
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on this soil as it is on other soils near the wetter limit of the Lahaina 
family. 

On the few uncultivated areas, lantana and such grasses as pili and 
Natal redtop are the principal vegetation at the lower elevations. At 
the higher elevations, both lantana and guava are important among 
the shrubs, and Bermuda, Natal redtop, and pili are the principal 
grasses. 


Wailuku clay loam, eroded sloping phase (5 to 15 percent slopes) 
(Wx).—Areas that slope gently toward the steep dissection point of 
streams that have cut the Wailuku terraces have been mapped in this 
phase. The soil is generally moderately or severely eroded. 

About half of the area of the phase has had all of the A; and B, 
horizon and most of the B, horizon removed by erosion. In many 
places the yellow or brown soft weathered gravel of the C horizon is 
exposed. On about one-third or one-fourth of the area, erosion has 
removed only the A, and the B, horizon, and a new surface layer 
moderately high in organic matter has developed under cane produc- 
tion. The rest of the area is essentially uneroded. The profile in 
the uneroded area is similar to that described for the Wailuku series 
but is probably slightly shallower to the weathered gravelly parent 
material. 

Since this mapping unit occurs as small, elongated areas parallel 
to the streams that have dissected the terraces, it is intimately as- 
sociated with the gently sloping phase on the divides. "These narrow 
areas are eropped to sugar and cane with the fields dominated by the 
gently sloping phase. If used for pineapple, the soil would be subject 
to continued erosion, but under cane production, erosion is effectively 
controlled. 

In the few idle areas, lantana, the principal shrub, grows with pili- 
grass, indigo, Natal redtop, and at the higher elevations some guava. 


Wailuku silty clay, gently sloping phase (2 to 8 percent slopes) 
(Wz).—This is a somewhat less friable soil than the phases of Wailuku 
clay loam. It occurs in the vicinity of Wailuku and Waihee, mainly 
at the lower elevations in areas somewhat transitional to Alluvial soils 
of the Iao series. In several places the unit includes areas in which 
there is a shallow layer of relatively recent alluvium over the older 
weathered materials that give rise to the Wailuku soils. 

The soil profile is essentially that described for the Wailuku series 
except that the texture throughout the solum is a silty clay, and the 
materials are not so friable and in places may be slightly sticky and 
plastic. Commonly the soil does not effervesce with H:O; below a 
depth of 3 feet. It is essentially stone-free. 

Almost all of this phase is used for the production of sugarcane 
under irrigation, and it is probably the most productive soil of the 
Wailuku series for that crop. It occurs in an area subject to more 
cloudiness, however, than the areas of the lower lying Iao soils, and 
the productivity for cane is correspondingly less. The distribution 
of water is casy, and heavy machinery may be used without difficulty. 
Information supplied by the plantations indicates that the soil is 
medium in available phosphorus and low to medium in replaceable 
potassium. The Wailuku soils generally are less well supplied with 
potassium than the Waikapu soils on the same plantation. The soil 
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is uniformly low in available nitrogen, and intensive fertilization is 
necessary for high yields. The soil should be moderately well suited 
to the production of pineapple. 

This phase would be as productive of pasture forage as other soils 
of the Lahaina family that occur near the higher rainfall limit of the 
group. Lantana, Bermudagrass, piligrass, Natal redtop, and some 
guava are the principal plants on this soil. 


KAMANANUI SERIES 


The soil of the Kamananui series occurs on terraces in the vicinity 
of Waialua, on Oahu, at elevations ranging from 30 to 100 feet above 
sea level and under rainfall ranging from 30 to 40 inches a year. It 
is entirely within vegetation zone B as defined in the section on 
Soils and Vegetation. The soil is drab in appearance. It is asso- 
ciated with the soils of the Waikapu series, but when moist the surface 
layer has a grayish cast and the subsoil a definitely yellowish cast; 
these colors make the areas of Kamananui soil stand out from the 
surrounding soils when plowed. In some respects the topographic 
relationship between the Kamananui soil and the Waikapu soils in 
the vieinity of Waialua is similar to that between the Waikapu and 
the Wailuku soils on Maui. The Kamananui soil appears to occupy 
somewhat lower terraces than the Waikapu soils and is reddish brown 
instead of red. 

Modal profile of the Kamananui series: 

A, OQ to 8 inches, dark reddish-brown silty clay; moderate medium crumb 
structure; friable when moist; slightly sticky when wet; strong effer- 
vescence with H5O,; pH 5.5 to 7.0; roots very numerous. 

Bi 8 to 16 inches, reddish-brown silty clay; weak fine blocky structure; 
friable when moist; slightly sticky when wet; strong effervescence with 
H303; pH. 5.5 to 6.5; roots numerous. 

B, 16 to 42 inches, yellowish-red silty clay; weak fine blocky structure; 
friable when moist; slightly sticky when wet; moderate to weak effer- 
vescence with 11,0; is sometimes confined to black pyrolusite concretions 

_ or to coatings on cleavage planes; pH 5.0 to 6.5; roots present. 

B, 42 to 65 inches, bluish-gray, flakelike, clayey aggregates J$ to 1 inch 
across occupy one-fourth to one-third of the volume in a reddish-brown 
to red friable silty clay ground mass; weak or no effervescence with 
H,0.; pH 5.0 to 6.5; few or no roots; this horizon extremely variable 
in degree of expression and may be absent; generally a very sharp 
contact with the C horizon. 

C 65 inches +, yellow and brown, soft, weathered gravel and stone frag- 
ments in a matrix of reddish-brown or brown earthy material; continues 
to great depth. 


‘The soil of this series is derived from alluvium that is poorly assorted 
and very deeply weathered. These materials are cemented in some 
places with limonite or hemetite, but the degree of cementation is 
extremely variable. 

The B; horizon is extremely variable in degree of expression and 
may be absent in some places. Colors of the D. horizon range from 
yellowish-red to a dull reddish-brown. In some places this horizon 
is very silty; in others the texture is not appreciably different from 
that of the overlying material. 

The topmost horizons are reddish-brown when dry, similar in color 
to the upper horizons of the Wailuku soils, but when they are moist 
they have the appearance of dullness, sometimes an appreciable 
grayish tinge. The soil of this series differs from soils of the Wailuku 
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series in having a distinctly yellowish-red subsoil and in having in 
many places a horizon that lies in sharp contact with the underlying 
weathered gravelly alluvium. In exposed banks this horizon is very 
conspicuous because of bluish-gray and red or reddish-brown mottling. 
The bluish-gray parts consist of flakelike aggregates oriented roughly 
vertically and consisting of material more clayey than the surrounding 
ground mass. These aggregates occupy as much as one-third of the 
volume of the horizon in some places. The character of the material 
is not determined; it does not harden irreversibly upon drying. — Effer- 
vescence with HÔ; is generally less strong than in the Wailuku soils, 
and the small concretions of pyrolusite in the Bs horizon may be 
absent. So far as could be determined, the underlying alluvium is 
similar to that which underlies the Wailuku or Waikapu soils. 

Only one member of the Kamananui series—Kamananui silty clay, 
gently sloping phase--has been mapped in Hawaii. 


Kamananui silty clay, gently sloping phase (0 to 5 percent slopes) 
(Kz).—This phase is essentially uneroded in most places. "The soil 
profile is that described for the Kamanaui series. 

'The soil occurs in the cane-producing area near Waialua, on Oahu, 
and is used under irrigation in the same way as the associated Waikapu 
soils. At the time of survey, the plantation did not recognize any 
difference between the two series in management needs or productivity. 
'lhis soil is somewhat more sticky when wet and is a little harder 
to work than the Waikapu soils. lt appears to absorb and hold water 
well under irrigation, and the distribution of irrigation water is not 
difficult on the gentle slopes. The soil is practically stone-free and 
is well suited to the use of heavy machinery. It is not used for pine- 
apple, but it should be as well suited to that crop as other soils of the 
Lahaina family. The most common vegetation consists of piligrass, 
moderate amounts of Bermudagrass, Natal redtop, and lantana, and 
locally à small amount of guava. 


MALIKO SERIES 


"Throughout the zone of the Lahaina family and extending into the 
zone of the Molokai family to areas having a rainfall as low as 20 
inches a year are many small tracts that have parent material of 
local alluvium washed from the adjacent red soils. The soil on these 
areas has been mapped in the Maliko series as Maliko silty clay. It 
occurs in depressions and on concave slopes that collect runoff from 
the adjacent, higher lying soils. It is among the younger soils of the 
Lahaina family; its red color is probably inherited from the parent 
material. This material was highly weathered before deposition, 
and the chemical properties of the Maliko soil are generally similar 
to those of soils of the Lahaina family derived’ from residuum. 

'T'he soil occurs on Maui, Hawaii, Kauai, and Oahu under rainfall 
ranging from 20 to 50 inches a year and at elevations ranging from sea 
level to 1,000 feet. It is mainly 1n vegetation zone B, but some soil 
areas in association with the Molokai series in vegetation zone A 
have been included. 

Modal profile of the Maliko series: 

A; 0 to 9 inches, dark reddish-brown silty clay; moderate medium crumb 
structure, very friable when moist, nonsticky and nonplastie when wet; 
very violent effervescence with H202; pH 5.5 to 7.0; roots very numerous. 
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B 9 to 48 inches, red to reddish-brown silty clay; moderate medium crumb 
to very weak fine blocky structure; very friable when moist, nonsticky 
and nonplastie when wet; effervescence with HzO, variable, ranging 
from strong to violent; pH 5.5 to 6.5; roots are numerous. 

C 48 inches +, brown to reddish-brown silty clay similar in physical 
properties to the B horizon but with weak or no effervescence with 
HaO»; pH 5.5 to 6.5; material may continue to great depths or may be 
unconformable over weathered residuum of various lavas at as little as 
5 feet. 


The soil is transitional from the Low Humic Latosols to the Alluvial 
soils. A much greater accumulation of manganese dioxide is apparent 
in the upper part of the soil than in the true Alluvial soils, however. 
Mainly for this reason, the series has been grouped with the zonal soils 
rather than with the azonal Alluvial soils. As would be expected in 
areas of this kind, the genetic horizons are developed to extremely 
variable degree. In some places very recent alluvium has accumu- 
lated on the surface to a considerable depth. In others alluvium has 
apparently not been accumulating in recent times, and the soil pro- 
file approaches that of the Wailuku or Waikapu series. Generally, 
structure is less well defined in the B horizon than in those soils and 
may be a crumb structure instead of blocky. In the shallower areas, 
the alluvium commonly rests on weathered material residual from the 
underlying basalts or andesite. These shallower areas are exceptions. 

Only one soil, Maliko silty clay, has been mapped in this series. 


Maliko silty clay (0 to 5 percent slopes) (Mx).—The extremely fri- 
able and porous character of the materials that make up this soil 
permits rapid infiltration and the retention of water for plant use 
after the adjacent soils of the uplands are dry. The soil also receives 
runoff from adjacent areas. Vegetation therefore makes a more 
vigorous growth and is dormant for shorter periods than on asso- 
ciated soils. As a result, the A; horizon in uncultivated areas is 
generally somewhat darker and thicker than on adjacent soils from 
residuum. 

This soil is used in association with the adjacent soils under the 
same cropping practices. The productivity for sugarcane under 
irrigation should be similar to that on the adjacent zonal soils. Ina 
few cases manganese toxicity has been reported on this soil, although 
not on the adjacent soils derived from residuum. Available phos- 
phorus and potassium should be similar to that for the adjacent 
soils; this soil, however, is somewhat better supplied with organic 
matter and nitrogen. 

For crops grown without irrigation, the moisture supplies on this 
soil are considerably better than on the adjacent soils, and produc- 
tivity would be expected to be higher. This difference is particu- 
larly noticeable in areas used for grazing. The stands of piligrass, 
Natal redtop, and especially of Bermudagrass, are denser, and the 
growth is considerably more vigorous than on the adjacent soils. 
Guineagrass makes excellent growth, and in some places there are 
nearly pure stands of koahaole that produce fine pasture. Lantana 
infests some areas and may completely dominate the vegetation. 

Areas of this soil are valuable inclusions in ranching areas, and 
pineapple appears to do as well or better than on the adjacent soils 
derived from residuum, 
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HOOLEHUA SERIES 


The members of the Hoolehua series are reddish-brown soils derived 
from local alluvium. They are comparable to the Maliko soils, but 
they are generally more strongly developed and are browner i in the 
Bhorizon. Their age is apparently comparable to that of the Wailuku 
series throughout much of the arca, but the degree of development of 
genetic horizons is variable as in the Maliko series. The soils occur 
on Lanai and Molokai at elevations ranging from 500 to 2,000 feet 
above sea level under rainfall ranging from 25 to 40 inches a year. 
They are in vegetation zone B, as defined in the section on Soils and 
Vegetation. 

Modal profile of the Hoolehua series: 5 

A; Oto 12 inches, dark reddish-brown silty clay; moderate to strong medium 
erumb structure; very friable when moist, slightly sticky but nonplastic 
when wet; very violent effervescence with H;0;; pH 6.0 to 7.0; roots 
very numerous. 

Bi 12 to 36 inches, reddish-brown silty clay; moderate to weak fine blocky 
structure; friable or very friable when moist; slightly sticky but non- 
plastic when wet; strong or violent effervescence with H;O»; pH 5.5 to 
6.5; roots numerous. 

B, 36 to 70 inches, reddish-brown silty clay; moderate fine blocky structure; 
friable when moist, nonplastic or slightly plastic when wet; weak or no 
effervescence with HO, in the soil mass, but the horizon contains 
numerous 34- to %-inch pyrolusite concretions and black coatings in 
cleavage planes; pH 5.5 to 6.5; roots present but few in number. 

C 70 inches +, brown or grayish-brown fine-textured alluvium locally 
containing small amounts of weathered gravel; friable when moist, 
nonplastie when wet; pH 5.5 to 7.0; roots very few or absent; may 
continue to great depth or may rest on nonconformable weathered rock 
at depths as shallow as 2 feet. 

'The alluvium from which the Hoolehua soils have developed appears 
to include materials that range widely in degree of weathering. 
They differ in this respect from those of the Maliko series that 
developed from highly weathered material derived almost entirely 
from the solums of adjacent soils. 

Part of the series on Lanai occurs in the central basin where the 
alluvium has been washed from adjacent rather steeply sloping and 
eroded land. In these places the soil is deepest adjacent to the upland 
slopes and becomes thinner with distance from the slope, eventually 
grading to a layer only a foot or two thick over a reddish soil material 
derived from rock weathered i place. In these areas the boundary 
between the Hoolehua and adjacent Lahaina soils is indistinct, The 
Hoolehua series has been confined mainly to those areas in which 
the brown. alluvium is at least 2 feet deep. In some places near the 
more steeply sloping uplands, particularly on Lanai, there is an accu- 
mulation of relatively recent alluvium that may be as much as a foot 
or two deep over the subsoil described for the Hoolehua series. 

Soil color varies considerably within the series; generally it is 
brownest in those areas near the source of alluvium and reddest 
some distance from the source. Topographically the soil varies 
from nearly level plains or basins to sloping accumulations at the 
base of slopes. These latter areas are commonly moderately eroded. 


Hoolehua silty clay, nearly level and gently sloping phases (0 to 8 
percent slopes) (Hus).—-Most areas of these phases on the island of 


§ Hoolehua silty clay. 
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Molokai are small; but some in the vicinity of Hoolehua homesteads, 
where the soil was named, are more extensive. On the island of 
Lanai, they occur as relatively large areas that extend from the 
uplands back of Lanai City and along the adjacent escarpment well 
out into the plateau and the various basins. 

On the island of Molokai these phases are used partly for vegetable 
crops in the vicinity of Hoolehua, partly for pasture, and to a moderate 
extent for pineapple. On Lanai they are used almost entirely for 
pineapple. Throughout their occurrence water is not available for 
irrigation, and the production of sugarcane is impossible. 

Tomatoes, potatoes, sweetpotatoes, melons, cucumbers, and sweet 
corn are the principal crops grown on these phases on the Hoolehua 
homesteads on Molokai. Although no yield data were available, 
the phases are recognized by the farmers as the most productive soils 
for these crops on the island of Molokai. The soil is loose and friable 
to_considerable depths and does not form a compact layer upon 
cultivation. These characteristics give the soil a distinct advantage 
over the associated Lahaina soils. The position in depressions 
protects crops from wind and prevents the serious wind whipping 
that in this area is very destructive to bushy plants such as tomatoes. 
The position also favors the accumulation and retention of moisture, 
which may be limiting during some periods of the year for vegetable 
crops. 

These phases are cropped to pineapple in exactly the same way as 
similar phases of the Lahaina series. On Molokai it was reported 
that the Hoolehua soils are slightly better supplied with available 
plant nutrients than the Lahaina soils on the same plantations. 

In areas used for grazing, the vegetation is essentially that found 
on the Lahaina series, but it forms a denser cover and is much more 
vigorous in growth.  Piligrass makes its best growth and is perennial 
on these soils. Natal redtop is important in some areas, and Ber- 
mudagrass is considerably more vigorous on areas of the Hoolehua 
soils than it is on the adjacent soils deriyed from rock weathered in 
place. Lantana is a very serious pest. 


Hoolehua silty clay, eroded sloping phase (5 to 15 percent slopes) 
(Hx).—This soil occurs mainly on the short escarpments of terraces 
or on the more strongly sloping lands near streams in areas dominated 
by the Hoolehua soils. The degree of erosion varies considerably. 
In places, the A, and B, horizons of the soil have been lost, and the 
reddish-brown Bə with its accumulations of pyrolusite concretions 
has been exposed. In other places, essentially all of the solum has 
been lost and the brown or grayish-brown, dominantly fine-textured 
alluvial parent material is exposed. Here the highly weathered 
gravel that retains the original rock struoture is common on the 
surface and is incorporated in the plowed layer. In some areas, 
particularly on Lanai, small gullies may occur. 

The soil is used mainly for pasture or is idle, but where it occurs 
as short slopes within pineapple-producing areas, it is cropped with 
the adjacent soils. Where it is used for pasture, the principal 
vegetation is piligrass, Natal redtop, some Bermudagrass, and a high 
proportion of lantana. These areas are usually very weedy and 
require considerable renovation. There are few areas, however, so 
eroded that they are bare of vegetation. 
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Hoolehua clay, nearly level and gently sloping phases (0 to 5 
percent slopes) (Huug).-—These phases occur only on Lanai, mainly 
in the Palawai Basin. They are transitional in this area from the 
phases of Hoolehua silty clay or from the associated Waikapu series 
to the hydromorphic soils in the central part of the Basin. They 
differ from the phases of Hoolehua silty clay in being consideraly 
less friable when moist and in being moderately sticky and plastie 
when wet. 

The uppermost 10 or 15 inches in plowed fields is a dark reddish- 
brown clay that is moderately friable but quite sticky and plastic. 
This layer grades to a reddish-brown clay that is moderately friable 
near the upper part of the horizon but becomes less so with depth. 
At depths usually between 20 and 30 inches, this material is moderately 
compact in place, moderately friable to crush, but quite sticky and 
plastic when wet. The material is not so plastic as that in soils of 
the Palawai series near the center of the basin, however. 

Although no direct evidence is available, it would appear that 
these phases of Hoolehua clay receive seepage water from the basic 
rocks at higher elevations. Even though the soil in these areas 
shows no evidence of being hydromorphie, some of the properties 
of the magnesium clays appear to have developed. "These phases of 
Hoolehua clay seem to be transitional from the zonal soils of this 
region to soils like those of the Palawai series, which are high in 
exchangeable magnesium. 

"These phases are used in the same way as those of Hoolehua silty 
clay. The soil is harder to work and is easily puddled if worked when 
wet. The pineapple crop observed appeared to be as vigorous on this 
unit as on the lighter textured silty clay. Apparently these phases 
absorb less water than those of the silty clay on similar slopes and they 
may therefore be slightly less productive. If used for grazing, these 
phases should support a vegetation similar to that found on the 
phases of Hoolehua silty clay. 


MANOA SERIES 


The shallow, stony soil of the Manoa series was derived from 
alluvium deposited over the young lavas of the Honolulu volcanic 
series in the valleys near Honolulu. It occurs at elevations ranging 
from 50 to 250 feet above sea level and under rainfall ranging from 
30 to 60 inches a year. It is mainly in vegetation zone B, as defined 
in the section on Soils and Vegetation, but extends into zone C, at 
the higher limit of the series. 


At the mouths of the valleys in which the soil occurs, precipitation 
is least and the soils are most nearly neutral. Within the valleys 
proper, rainfall is higher, and the pH throughout the solum may be as 
low as 5.0. Like other soils of the Lahaina family, the Manoa soil 
effervesces with H:O, in the upper part of the solum, but the efferves- 
cence is less violent than on older soils derived from either alluvium or 
residuum of rocks weathered in place. As in most soils of this family, 
there is no definite zone of pyrolusite concretions. The weak blocky 
structure of the subsoil characteristic of most soils of the Lahaina 
family is also lacking. The soil has a crumb structure throughout 
most of the profile. 
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Modal profile of the Manoa series:® 


A, Oto 8 inches, dark reddish-brown clay loam; moderate medium crumb 
structure, very friable when moist, nonplastic but slightly sticky when 
wet; stony; moderate effervescence with H202; pH 5.0 to 6.5, roots very 
numerous, 

B 8 to 16 inches, reddish-brown clay loam; moderate medium crumb strue- 
ture; very friable when moist, slightly sticky but nonplastic when wet; 
very stony; weak effervescence with H202; pH 5.0 to 6.5; roots numerous, 

C  16inehes +, brown or reddish-brown friable clay loam; weathered alluvium 
in spaces between loose stones; stone fragments commonly one-half of 
the volume; bedrock at 12 to 40 inches. 

The alluvium from which the soil of this series was derived was 
deposited after the Honolulu voleanic activity, but the present streams 
have cut well below the levels of the terraces on which it occurs. The 
entire soil is extremely stony. The somewhat rounded but only slightly 
weathered stones come from the rough broken surface of the under- 
lying Aa lava flows. Small fragments from these underlying rocks are 
mixed through the soil. These fragments give the soil a gritty feel and 
contribute the sand necessary for a clay loam. The fine earth is pre- 
dominantly friable, inactive clay typical of lateritic soils. Un- 
weathered minerals are contributed to some extent from the fragments 
of the underlying lava, but the alluvium itself appears to be relatively 
completely weathered. The materials from which the soil is developed 
were washed not only from developed soils but from weathering rock 
materials that underlie them in the wet lands of the mountains behind 
Honolulu. Some volcanic ash may have contributed to the formation. 

Only one phase, Manoa stony clay loam, nearly level phase, has 
been mapped. 


Manoa stony clay loam, nearly level phase (0 to 3 percent slopes) 
(M2x).—In most places this soil cannot be cultivated until the surface 
stones are removed. Manganese toxicity has been observed in some 
areas. 

This soil is used mainly for vegetable crops, flowers, or urban pur- 
poses. The most characteristic use is for small gardens. The surface 
stones have been removed from these areas and piled to form fences 
that subdivide the land into an intricate patchwork of small fields. 

Tn the drier parts of the area, the principal vegetation outside of 
cultivated areas consists of piligrass, Bermudagrass, and lantana. 
In the wetter parts of the area, various species of paspalum and guava 
may be dominant. In some idle areas, koahaole grows to a height of 
15 feet and forms dense thickets that completely suppress most of the 
undergrowth. Some parts of the area that have been flooded for the 
production of taro have a grayer surface soil and some rust-brown 
mottling in the subsoil. Most of these areas have been abandoned. 


MAKIKI SERIES 


The soil of the Makiki series is similar to that of the Manoa series in 
origin, but it overlies unweathered or only slightly weathered volcanic 
cinders. It oceurs in Honolulu and its outskirts at elevations 20 to 100 
feet above sea level and under a rainfall of 20 to 40 inches a year. 
The soil is entirely in vegetation zone B as defined in the section on 
Soils and Vegetation. 


^ Manoa stony clay loam. 


266 SOIL SURVEY OF TERRITORY OF HAWAII 


Like the Manoa soil, this series does not have a weakly developed 
blocky structure in the B horizon and does not effervesce so violent 
with H,O, in the upper part as the older soils of the Lahaina family. 
It may be considered transitional from the typical soils of the Lahaina 
family to the Alluvial soils that have little or no genetic profile develop- 
ment. 

Modal profile of the Makiki series: 

A: O0 to 6 inches, dark reddish-brown clay loam; moderate medium crumb 
structure; very friable when moist, slightly sticky but nonplastic when 
wet; moderate effervescence with H:0:; pH 5.0 to 6.5; roots very 
numerous. 

B 6 to 36 inches, reddish-brown clay loam; moderate medium crumb structure; 
very friable when moist, slightly sticky but nonplastie when wet; weak 
effervescence with H;O»; pH. 5.0 to 6.5; a few black, weathered volcanic 
cinders may be mixed with the soil; roots numerous. 

D 36 inches +, unconformable black or brown voleanie cinders, slightly or 
Ed weathered in the upper part but essentially unweathered 

eiOoW. 5 

The soil of this series is derived from alluvium washed mainly from 
the wet regions of the mountains back of Honolulu and deposited over 
volcanic cinders. These cinders were erupted from Punch Bowl and 
Tantalus at approximately the same time as the basalts that underlie 
the Manoa series. The soil varies considerably in depth over the un- 
conformable volcanic cinders that underlie it. In some places these 
cinders may occur at depths as shallow as 18 inches, but in most 
places they occur below 3 feet. 

Only one phase, Makiki clay loam, nearly level phase, has been 
mapped. 

Makiki clay loam, nearly level phase (0 to 2 percent slopes) (Mv).— 
Practically all of this phase is within the city of Honolulu. The 
Hawaiian Sugar Planters Association Experiment Station is located 
on it. 

Most of the soil is used for urban purposes. There are a few small 
gardens in some of the outlying areas, and in a few places flowers or 
vegetables are grown for market. 

The vegetation in those areas not occupied by buildings or streets 
consists mainly of piligrass, Natal redtop, and burgrasses, as well as 
the small shrub, ilima, and local dense thickets of koahaole. The soil 
is inextensive and not important agriculturally. 


SOILS OF THE WAHIAWA FAMILY 


The relationship of the Wahiawa family to other families of the Low 
Humic Latosol group is shown in table 17. The soils of this family are 
red and generally uniform in texture and chemical composition 
throughout the solum. The A; horizons are well developed; and unlike 
those of the Molokai and Lahaina families, they are distinctly granular. 
They are appreciably higher in organic matter than the A; horizons of 
either of the other two families. In this respect the soils of the 
Wahiawa family are similar to soils of the Kahana family, which occur 
in a similar climatic zone. They are differentiated from that family 
on the basis of the extremely violent effervescence of the upper part of 
the soil with H30;. 

‘Textures have been classified as silty clay or silty clay loam through- 
out the solum. Mechanical analysis would show that practically all of 
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these soils are clay or heavy clay, but the kind of clay gives them 
physical properties like those of soils in the continental United States 
that are high in silt. The available evidence indicates that the clays 
are predominantly kaolinitic. 

Soils of. this family occur only on the island of Oahu. The dry 
period of the summer and fall is similar to that for the Kahana family of 
the same group but is not so pronounced as that for the Molokai and 
Lahaina families. The monthly rainfall is never less than 1 inch. 
It is less than 2 inches a month in only a few localities, and then for 
less than 4 months of the year. Between 2 and 3 inches a month falls 
during 5 to 7 months of the year, and more than 5 inches a month 
during 1 to 5 months. The growth of vegetation is therefore not 
severely limited by extensive periods of low rainfall as it is on soils of 
the Molokai and Lahaina families. The vegetation differs from that 
on the Lahaina and Molokai families not only in the vigor of growth 
and density of cover but also in association of species. 

The soils of the Wahiawa series occur mainly in vegetation zone C, 
as defined in the section on Soils and Vegetation, but locally they 
extend slightly into vegetation zone B. In open places the growth 
consists of shrubs and grasses, and the ground cover is generally very 
good. Guava, the principal shrub, is large and vigorous in the gullies, 
and in other places where there is moisture, but it is somewhat stunted 
on the open slopes. Lantana is widely distributed and is a serious 
pest, but it does not have the vigor or density of growth that it has on 
soils of the Lahaina family. At the lower elevations, koahaole forms 
dense thickets, but it is not prominent at the upper altitudes. Indigo, 
Japanese tea, ilima, and joee are important smaller shrubs. Bermuda- 
grass is the dominant species of grass, and Natal redtop is prominent 
in many localities. On the eroded phases and steeper slopes, rice- 
grass, yellow foxtail, and similar grasses may be dominant. 

The relationships among soil series of the Wahiawa family are given 
in table 48. Only two soil series are included in the family: (1) The 
Wahiawa series, derived from basalt; and (2) the Kunia series, derived 
from old alluvium. Differentation is based on differences associated 
with parent materials. Both series are extremely red and are pre- 
dominantly silty clay or silty clay loam throughout the profile. Both 
have moderately compact but friable subsoils, are moderately to 
strongly acid, and have an extremely violent reaction with H3O0;. 


USE AND MANAGEMENT 


All of the members of the Wahiawa family are suited to cultivation. 
On the more gently sloping areas they are among the best soils in the 
Hawaiian Islands for pineapple; and where irrigation water is avail- 
oe are nearly as productive of sugarcane as soils of the Molokai 

amily. 

The upper part of the soil that is stirred by tillage is open, porous, 
and friable, although the subsoil is moderately firm or compact in 
place. The soil appears to hold water well after rains and supply 
plants for considerable periods. The manganese content is excep- 
tionally high in the upper part of the soil, and sprays of soluble iron 
compounds are essential for good pineapple production. Manganese 
toxicity has been observed in small depressions in several places on 


268 SOIL SURVEY OF TERRITORY OF HAWAII 


TABLE 48.—Key, modal profile, and environment 


Modal profile 
Horizon Color (dry) 
M | T7 M 
Key Series |! Range in depth 
pus to— Texture 
LM eran 
sym- Name Munsell 
bol | Upper | Lower 
limit | limit 
At 0 6-12 | Dark red... JOR 3/4-3/3..! Silty clay_____ 
Bi 6-12 18-80 | Bed- -n IOR 3/6-4/8...]..... (Ke coru 
A. Derived from þa- | Wahi- Bs | 18-30 42-60 |..... do..........- 10R 3/6-4/8. ...... do........- 
salt. awa, 
Bs | 42-60 60-78 |..... dU cicer 10R 8/6-4/8--|----- dO sun es 
€ |60-78 |........ Red. brown, and yellow soft weathered rock 
Aii 0 8-12 | Dark red___._._. 10R 2/2-3/3__| Silty clay... 
Bi! 8-12 18-30 | Red. ............ 10R 3/4-3/6... |... do... ies 
Bs ! 18-80 30-48 |..... Dr ES 10R 3/6-4/6-.]----- do... 
B. Derivedfrom old | Kunia.. 
alluvium. Bs | 36-48 42-72 |... d.n eu 10R 3/6-4/8..|..... 0. 22e 
Red or reddish-brown, weathered, fine alluvium 
Red, brown, and yellow, soft, weathered basalt 
from 40 inches to many feet. 


manganese-sensitive plants such as macadamia nuts, but it is ap- 
parently not serious on sugarcane. The reasons for the abnormal 
concentration of manganese dioxide are not apparent; other soils 
of the same climatic zone have relatively lower concentrations. 

The soils require heavy fertilization, especially with nitrogen and 
phosphorous. "They have the capacity to fix phosphorus in unavail- 
able form and are deficient in nitrogen, though not to the extent of 
soils in the Lahaina and Molokai families. Potassium is relatively 
more abundant than in soils of the Humic Latosol group, but it is 
probably less abundant than in the Molokai and Lahaina families. 

Pineapple is produced with the use of mulch paper to conserve 
water, because even in this climatic zone moisture is a limiting factor 
during the summer and fall. Irrigation is essential for high yields of 
sugarcane. Rainfall is not adequate for production without irrigation, 
even in the wettest parts. Their physical condition is probably not 
so well suited to irrigation as that of the Molokai series, but Wahiawa 
soils absorb water at least moderately well and hold water in forms 
that are available to plants for considerable periods after irrigation. 
Cloudiness at the higher elevations is greater than on soils of the 
Lahaina family, and the production of carbohydrate is therefore 
limited and the ratio of sugar to cane is lowered. Cane production 
is confined mainly to those areas at the lower clevations where yields 
approach those obtained on soils of the Molokai series, but it could 
be grown throughout the extent of these soils. 

The soils are more productive of pasture than soils of the Lahaina 
family, principally because of the higher total annual rainfall and its 
better seasonal distribution. Vegetation is seldom dormant for ex- 
tended periods, as it may be on soils of the Lahaina group; but grasses 
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of soil series of the Wahiawa family 


Modal profile— Continued Environment 
1 
m a 2 Vege- 
Consistence Effervescence X Rain- ii £ 
Structure (moist) pH with HzO2 Island fall Elevation nus 
Inches Feet 
Moderate medi- | Very friable. ____|5.5-6.5 | Very violent__._ 
um granular. 
Weak fine blocky_| Fríable.......... 5.0-6.5 |.....do..... | 
Moderate fine to | Firm-.---.._.._. 5.0-6.5 | Violent, espe- | 
medium blocky. ond eonere- |)Oahu...| 30-60 | 250-1,200 | Ci-B. 
ons. ] 
Weak medium | Friable_.__..__._ 5.0-6.5 | Weak or none... | 
| blocky. 
artly retaining original structure. | 
Moderate medi- | Very friable.____ 5.5-6.5 | Very violent....| 
um granular. | 
Weak fine blocky_| Friable---------- 5.0-6.5 | Violent.......... 
aa fine | Firm in place. ..|5. 0-6. 5 | Moderate to l 
ocky. strong. | 75 | 
Weak Y medium Friable_______ _./5.0-6.5 | None... jpOahu--.} 30-40  730-1,100  Ci-B. 
blocky. i 
locally with soft, weathered gravel...____._.-......---.---------- 
or andesite unconformable with the layer above; depth varies j 


make their greatest growth during the winter and sprmg months in 
most years. A relatively small part of the total area is used for 
grazing, because of the priority of sugarcane and pineapple produc- 
tion, but the soils would be well adapted to pasture. 

Perennial grasses are particularly abundant. Bermudagrass is 
prominent. In the drier parts of the area, Natal redtop may be an 
important constituent. Koahaole volunteers in some parts of the 
area, but is not so widespread as on soils of the Lahaina family. Of 
the planted species, kikuyu can be grown effectively, but it is not 
generally regarded as nutritious as the equally well-adapted paspa- 
luis. Its aggressiveness is also objectionable in that it tends to 
form a one-grass pasture (8), Guava and lantana are among the 
most serious pasture weeds. 


An appreciable area of the soil is in nonagricultural uses, including 
military installations, airports, and villages. The principal limiting 
factor for mechanized agriculture is slope, but slopes are not so steep 
in any area that the use of heavy machinery is precluded. The soils 
may be divided into two broad groups, those well suited to mechanized 
agriculture, and those moderately well suited. 


Soils well suited to mechanized agriculture.—Soils of the Wahiawa 
family well-suited to mechanized agriculture include the nearly level 
and the gently sloping phases of Wahiawa silty clay, and the gently 
sloping phase of Kunia silty clay. They are deep and well drained 
and are only slightly or, in a few places, moderately eroded. They 
occur on slopes that range mainly from 0 to 8 percent in gradient but 
are dominantly between 2 and 8 percent. A few areas of the Wahiawa 
soil occur on slopes between 0 and 3 percent. There are few or no 
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stones on the surface or within the plowed layer, and the depth to 
bedrock is generally more than 5 feet. These soils are fine-textured, 
but the clays are relatively inert and are not easily puddled. 

Areas of this soil are used principally for pineapple. The gentle 
slopes are well suited to the use of heavy machinery for all cultural 
practices. Machinery is used for essentially all operations. In most 
places the fields are laid out in a rectangular pattern, but some on the 
more steeply sloping lands are contoured when the new crop is planted. 
The problem of erosion is moderate, and the soils on most areas should 
not be cropped without regard to direction of slope. In the cane- 
producing areas, irrigation ditches must be laid out on the contour; 
but the slopes are mainly long and uniform, and the resulting patterns 
are not complex. 

Yields of both pineapple and sugarcane are generally high. Inten- 
sive fertilization is practiced on both crops, the major emphasis being 
on nitrogen and phosphorus. Pineapple is sprayed for control of iron 
deficiency. 

Pastures are relatively unimportant on these soils, but they are 
adapted to planted sod grasses such as paspalum or kikuyu, or to the 
larger forage plants such as Napiergrass, Guineagrass, and pigeonpea. 
Seedlings become established quickly. Bermudagrass is the main 
native grass throughout the area. 

Soils moderately well suited to mechanized agriculture.—Soils of 
of the Wahiawa family moderately well suited to mechanized agricul- 
ture are Wahiawa silty clay, sloping phase, and Kunia silty clay, slop- 
ing phase. Slopes range from 5 to 15 percent in gradient and are a 
moderately limiting factor. The soils are deep and well-drained and 
for the most part are not seriously eroded. Erosion may be a serious 
problem, however, if practices for its control are not used. 

The slopes cause considerable diffculty in distribution of irrigation 
water and, to a moderate extent, in the use of heavy machinery. The 
soils are adapted to irrigation, however; and when used for pineapple, 
they are adapted to equipment used on the smoother areas. 

In eane-produeing areas all operations are on the contour because 
it is necessary to lay out irrigation mains on the level. In the pine- 
apple-producing areas, plantations are changing to contour cultivation 
for the control of erosion. In the past a majority of these areas have 
been worked across the slope. When these soils are used for sugar- 
cane, erosion is little or no problem, both because of contour cropping 
and the dense cover that the cane provides. In the pineapple-pro- 
ducing areas, however, a large part of the ground is bare of vegetation 
and is subject to serious washing if the rows run up and down the 
slope. Establishment of roadways on the contour acts in much the 
same way as establishment of terraces, and along with the associated 
contour cultivation, effectively controls washing. 

Besides nitrogen and phosphorus, the soils generally require some 
potassium, but the native supply in the soil is relatively greater than 
that in the Humic Latosol group. Soluble iron salts are sprayed on 
pineapple for control of iron deficiency. 

When used for grazing the principal native grass is Bermudagrass, 
but paspalums and kikuyu are well adapted. "The carrying capacity 
is probably only slightly less than on the more gently sloping soils of 
the family. 
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The soils of the Wahiawa series are brilliantly red and occur in the 
vicinity of Wahiawa, on Oahu. They extend almost to Waialua on 
the north and about half way to Pearl City on the south. They occur 
under rainfall ranging from 30 to 60 inches a year and at elevations 
ranging from 250 to 1,200 feet above sea level. 

Modal profile of the Wahiawa series: 

A; 0 to 9 inches, dark-red silty clay; moderate medium granular structure; 
very friable when moist, slightly sticky but nonplastie when wet; very 
violent effervescence with H02; pH 5.5 to 6.5; roots very numerous. 

B, 9 to 24 inches, red silty clay; weak fine blocky structure; friable when 
moist, slightly sticky and plastic when wet; very violent effervescence 
with H,O,; pH 5.0 to 6.5; roots numerous. 

B, 24to 50 inches, red silty clay; moderate fine to medium blocky structure, 
firm in place; friable to crush when moist, slightly sticky and moderately 
plastic when wet; violent effervescence with H;O,, especially on 34- to 
-inch pyrolusite concretions and on black coatings on cleavage planes; 
pH 5.0 to 6.5; few roots. 

Bs 50 to 70 inches, red silty clay; weak medium blocky structure; friable 
when moist, slightly sticky and plastic when wet; weak or no efferves- 
cence with H;O»; black concretions and coatings mainly absent; pH 
5.0 to 6.5; few roots. 

CO  70inches +, red, brown, and yellow soft weathered rock partly retaining 
the original structure; solid rock cores appear in this horizon and increase 
in number and size with depth; solid bedrock at variable depths greater 
than 5 feet. 

The soils of this series are well-drained and are derived exclusively 
from basalt of the Koolau volcanic series on Oahu (5). They are 
fine-textured but are very friable in the upper part of the solum and 
nonplastie or only slightly plastic throughout. The most striking 
characteristic of these soils, as compared with other soils of the Low 
Humic Latosol group, is the exceptionally high concentration of 
manganese dioxide in the upper part of the soil as indicated by the 
extremely violent effervescence with FLO». The subsoil is somewhat 
more firm in place than that of the Molokai and Lahaina series, but 
it is friable to crush when broken loose. When these soils are dry, 
they are very red; when moist, they have an almost purplish east. 


Wahiawa silty clay, nearly level phase (0 to 3 percent slopes) 
(W5).—This is the best soil of the Wahiawa series for cultivation. It 
is deep and well-drained and is fine-textured but not highly sticky and 
plastic like clays of the temperate regions. It holds relatively large 
quantities of water available to plants. "The soil is essentially free of 
stone;itis easy to work and conserve and very responsive to fertiliza- 
tion. The largest areas occur in the vicinity of Wahiawa, on Oahu. 
Very little of the area is noticeably eroded. 

This phase occurs on almost flat land or, more commonly, in slight 
depressions or on slightly concave slopes. In some of the slight 
depressions, the soil has received deposits of materials washed from 
the adjacent Wahiawa soils. In these places the A, horizon is some- 
what deeper, and the soil is friable to a greater depth than is usual for 
the phase. In addition, effervescence with H:O; is most violent, and 
in a few instances manganese toxicity has been found. 

The soil is used almost exclusively for pineapple and sugarcane 
where it occurs outside of urban development or military installations. 
It is one of the best soils in the Hawaiian Islands for pineapple. The 
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crop is grown with the usual mulch paper for conservation of water 
and requires the use of soluble iron salts for the correction of iron 
deficiency. Heavy fertilization is needed, especially with nitrogen 
and phosphorus and to some extent with potash. This phase is 
exceptionally well suited to the use of heavy machinery in the produc- 
tion of crops. 

In the cane-producing sections, the soil is used for sugarcane under 
irrigation and is one of the best in this climatic zone for that crop. 
Water can be distributed easily, and the soil absorbs and holds it well 
for considerable periods after irrigation. Production of sugar ap- 
proaches that on similar phases of the Molokai series at the lower 
elevations. The value of this phase for grazing would be high com- 
pared to that of areas having poorer distribution of rainfall. 


Wahiawa silty clay, gently sloping phase (3 to 8 percent slopes) 
(Wa).—This is the most extensive soil of the Wahiawa series. It 
differs from the nearly level phase primarily in slope. Erosion has 
been serious in relatively few places. 

The soil profile is essentially that described for the Wahiawa series. 
The A, horizon is probably slightly less thick than it is on the nearly 
level phase, and the accumulation of manganese dioxide extends to 
slightly shallower depth. Locally, small areas may be so eroded that 
the A; horizon and part of the B, horizon have been lost. The 
horizon in which the pyrolusite concretions occur is exposed in very 
few places. 

This is one of the best soils in the Hawaiian Islands for the produc- 
tion of pineapple, and most of it is used for that crop. Mulch paper 
for conservation of water and sprays of soluble iron salts for correction 
of iron deficiency are used in pineapple production. The crop is 
generally fertilized with a complete fertilizer; nitrogen and phos- 
phorus are particularly important. Yields of pineapple are probably 
similar to those on the nearly level phase. 

The soil is used for sugarcane production under irrigation in the 
same way as the adjacent soils. Irrigation ditches must be laid on the 
contour, but the slopes are generally long and uniform. The patterns 
of the distribution system are quite simple. Practices are essentially 
the same as those described for the nearly level phase. Little or no 
erosion occurs when the soil is used for sugarcane, but erosion may be 
a moderate problem when pineapple is grown. 

Very little of the soil is used for pasture, but pastures should be 
moderately productive. Paspalums and Kikuyu are the principal 
introduced forage plants. 


Wahiawa silty clay, sloping phase (8 to 15 percent slope) (Wc).— 
The more strongly sloping areas in the vicinity of Wahiawa, on Oahu, 
are mapped in this phase. It differs from the gently sloping phase 
principally in slope, which is a moderate handicap in the use of heavy 
machinery and particularly in the distribution of irrigation water. 
Erosion is a serious problem where the soil is used for pineapple. 
Many small areas in which all of the A; and D, horizons have been 
lost through erosion are included. These areas are mainly near the 
highest point of occurrence of the phase, and the wash from them may 
have accumulated, even on moderately strong slopes, within the same 
area. The soil profile is similar to that described for the Wahiawa 
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series, although on the average it is probably somewhat shallower to 
parent material and somewhat weaker in effervescence with H50;. 

The soil occurs principally in small areas in association with the 
gently sloping phase, and it is used in much the same way. In the 
pineapple-producing areas, plantations establish contour cultivation 
and roadways. The slope contributes to loss of needed water during 
the drier periods of the year. 

The soil is cropped in the cane-producing areas in the same way as 
the less strongly sloping soils with which it is associated. Irrigation 
ditches laid on the contour and the extremely dense cover of the 
growing cane crop have effectively controlled erosion. Management 
practices are essentially the same on this phase as on the gently sloping 
phase, and the plantations have not recognized a difference in 
productivity. 

Little of the soil is used for pasture, but it should be as well adapted 
to that use as other soils on similar slopes in the same climatic zone. 
Natal redtop is somewhat more prominent than on the gently sloping 
phase in the few uncultivated areas observed. 


KUNIA SERIES 


The Kunia series consist of the red soils on the eastern, slope of 
Waianae range on Oahu. They occur on old terraces and alluvial 
fans that oceupy slopes back of Schofield Barracks and extend north- 
ward to a point opposite Kemoo farms and southward almost to Puu 
Kuua. The alluvium from which they are derived came from the 
basalt of the Waianae range. Elevations range from 750 to 1,100 
feet above sea level, and rainfall from 30 to 40 inches a year. 

Modal profile of the Kunia series: 7 


A; Oto 9 inches, dark-red silty clay; moderate medium granular structure; 
very friable when moist, slightly sticky but nonplastic when wet; 
very violent effervescence with H,0.; pH 5.5 to 6.5; roots very numerous. 

B 9 to 24 inches, red silty clay; weak fine blocky structure; friable when 
moist, slightly sticky but nonplastic when wet; violent effervescence 
with H:O»; pH 5.0 to 6.5; roots numerous. 

B, 24 to 42 inches, red silty clay; moderate fine blocky structure; firm in 
place; friable to crush when moist, slightly sticky and plastic when 
wet; effervescence with H:O, moderate to strong in soil mass and violent 
on %- to 44-inch pyrolusite concretions and on black coatings on cleavage 
planes; pH 5.0 to 6.5; roots present but few in number. 

B; 42 to 56 inches, red silty clay; weak medium blocky structure; friable 
when moist, slightly sticky and plastic when wet; no effervescence with 
H:0:; pH 5.0 to 6.5; roots absent or few. 

C 56 inches +, red or reddish-brown, weathered alluvium; commonly 
gravelly at considerable depth, the gravel weathered to a soft mass that 
retains the original structure; material usually more or less cemented. 
Weathered basalt bedrock (D) at variable depths ranging from 40 
inches to many feet. 


Like the Wahiawa soils, the Kunia soils are fine-textured. Efter- 
vescence in the B; horizon below a depth of 18 or 20 inches is in some 
places confined to the numerous small pyrolusite concretions and black 
coatings that commonly occur in this horizon. The soils are moder- 
ately to strongly acid throughout the profile. 

The depth of alluvium over weathered basalt varies. It is the 
deepest near the middle of the belt of Kunia soils and shallowest at 


7 Kunia silty clay. 
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the upper and lower limits. Near the lower limits, the Kunia soils 
merge gradually into the Wahiawa soils, which are derived from the 
underlying basalts; and the boundary between the two series in many 
places is very indistinct. Where the alluvial materials are relatively 
shallow over weathered basalts, the contact is very sharply defined. 
In these places the soils have been included in the Manana series of 
the Humic Ferruginous Latosol group. 


Kunia silty clay, gently sloping phase (2 to 8 percent slopes) (Kx7).— 
The areas of gently sloping red soils on the terraces back of Schofield 
Barracks are included in this phase. The soil is essentially uneroded 
and easy to conserve. Most areas have few or no loose stones on the 
surface. The soil is productive of pineapple or sugarcane under 
good management. 

The soil profile is that described for the Kunia series. In most 
places the alluvium is very deep over weathered basalts, but locally 
the solum rests almost directly on material weathered in place at 
depths of 40 or 50 inches. The pH is commonly near 6.0 throughout 
the solum, but locally it may be as high as 6.5, or as low as 5.0 1n the 
subsoil. The highest pH is in the area of lowest rainfall. The 
concentration of manganese dioxide is generally not quite so high and 
does not extend to so great a depth as in the Wahiawa soils. Locally, 
material washed from adjacent soils has accumulated in small depres- 
sions or on concave slopes. In these places the surface soil is deeper 
than usual, and the concentration of manganese dioxide throughout 
the solum is greater than on most of the phase. 

Almost all of the area outside of the military reservations or urban 
developments is used for pineapple. The soil is exceptionally well 
suited to heavy machinery; the slopes are gentle and the soil friable 
and easy to work. Pineapple suffers from iron deficiency on this 
high-manganese soil, but the deficiency is corrected by spraying with 
soluble iron compounds. Fhe crop is fertilized heavily with a com- 
plete fertilizer. Mulch paper is used for conservation of water. 
Yields are probably as great as those on the Wahiawa soils in the 
vicinity. 

Since the soil occurs in areas where irrigation water is not available, 
no cane is produced. If water were available, the soil should be as 
well adapted to cane as Wahiawa silty clay, gently sloping phase. 
None is used for grazing, but idle areas support good stands of Ber- 
mudagrass. On this soil, as on the Waihawa soils, guava and lantana 
are persistent shrubs. 


Kunia silty clay, sloping phase (5 to 15 percent slopes) (Kx 8).— 
The more strongly sloping areas on the eastern slopes of the Waianae 
Range back of Schofield Barracks have been mapped in this phase. 
Most of 1t occurs on slopes between 8 and 15 percent, mainly in small 
isolated areas in association with the gently sloping phase. A large 
part of the total area is included in the military reservation. 

The soil profile is similar to that described for the Kunia series, 
but in most places the solum is slightly thinner than that of the 
gently sloping phase. Some areas are moderately eroded and have 
lost most of the A, and B, horizons. Such areas are distinguishable 
mainly by the less violent effervescence of the surface soil with H,O2. 


LOW HUMIC LATOSOLS 275 


The soil is used in much the same way as Kunia silty clay, gently 
sloping phase, but a slightly greater proportion is idle. In the past 
the soils have been cropped in the most convenient direction, without 
regard for erosion, but in recent years ficlds of pineapple have been 
contoured. Roadways are laid out on the contour and act in much 
the same way as terraces. This practice, together with contour 
cultivation, appears to be relatively effective in controlling washing. 
The slopes are not too strong for use of heavy machinery, but they 
cause some difficulty in such operations as spraying. As on the 
gently sloping phase, pineapple is produced with the use of mulch 
paper and with soluble iron sprays for the control of iron deficiency. 
Heavy fertilization is practiced. The soil occurs in areas where 
irrigation water is not available, and none of it is used for the produc- 
tion of cane. On the uncultivated areas Bermudagrass is prominent 
and lantana is more vigorous than on soils of the Wahiawa series. 


SOILS OF THE KAHANA FAMILY 


The relationship of the Kahana family of soils to other familes of 
the Low Humic Latosol group are shown in table 17. They are 
dark-red or reddish-brown soils generally uniform in texture through- 
out the solum. Like the soils of the Wahiawa family, they have 
distinctly granular A, horizons in contrast to the very weak crumb- 
structured A, horizons of the Molokai family or the moderate crumb- 
structured A, horizons of the Lahaina family. They differ from soils 
of the Wahiawa family in having less violent effervescence with H,0, 
in the A; horizon and in having manganese dioxide concentrations to 
shallower depths. The concentration of MnO, is higher, however, 
than in soil of the Kohala family, which occur in a slightly wetter 
region. 

As in the soils of the Wahiawa family, pH. values range from 5.5 to 
6.5 in the A, horizon of virgin soils and from 5.0 to 6.5 in the subsoil. 
Organic matter in the A, horizon ranges from 6 to 8 percent in most 
places, and decreases with depth to 1 or 2 percent at 40 or 50 inches. 
The organic matter in the subsoil is not apparent on inspection but is 
much higher than in most subsoils of temperate regions. 

Like most of the soils of this group, the Kahana family has very 
friable clays that are apparently largely kaolinitic in character. The 
soils are classified as silty clays or silty clay loams, but mechanical 
analysis would show that practically all horizons are clay or heavy 
clay. The nature of the clay fraction is such that physical propreties 
are more like those of soils in the continental United States that are 
high in silt. 

Soils of this family occur on Kauai, Maui, and Oahu under rainfall 
ranging from 30 to 60 inches a year at elevations ranging from sea 
level to 1,500 feet. The distribution of rainfall is very much like that 
on the Wahiawa family and is much more uniform than that on the 
Molokai or Lahaina families. The monthly precipitation is less than 
2 inches in only a few months and in relatively few places. Less than 
3 inches of rain a month falls during 2 to 6 months of the year. On 
most areas 5 inches of rain falls during at least 1 month, and in a few 
areas 5 inches a month falls during 6 months of the year. In no 
month is the average as high as 10 inches, 
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The soils of the Kahana family are in vegetation zone C, as defined 
in the section on Soils and Vegetation. Locally, they extend slightly 
into vegetation zone B on the island of Kauai. Open shrubs and 
grasses dominate the natural vegetation where the soils are not 
cultivated. With few exceptions, the ground cover is excellent. 
Guava is the dominant shrub and grows most vigorously where 
moisture accumulates. On the drier slopes, it may be somewhat, 
stunted. Lantana is also widely distributed, but it is not so vigorous 
as on areas of the Lahaina soils. At the lower elevations, koahaole 
may form dense thickets. Indigo, Japanese-tea, and ilima are among 
the more prominent smaller shrubs. Bermudagrass is the dominant 
grass, but on eroded slopes and poorer soils, ricegrass, yellow foxtail 
and pilipiliule are important. Natal redtop may occur abundantly 
in the drier localities. 

'The relationship among the two soil series of the Kahana family 
are given in table 49. Differences are apparently associated with 
parent materials. The Kahana sories consists of red soils and the 
Haliimaile series of reddish-brown soils. The Haliimaile series has 
firmer subsoil and weaker effervescence with IO. It occurs on the 
basaltic andesites and andesitic basalts of Haleakala on Maui between 
Haiku and Makawao, The Kahana series occurs principally on 
basalts. In addition to the difference in the kind of parent material, 
there is also a difference in age: The Haliimaile series occurs on the 
relatively younger lavas of Haleakala. 


USE AND MANAGEMENT 


Most of the soils of the Kahana family that are adapted to cultiva- 
tion are used for pineapple or for irrigated sugarcane. Areas of stony, 
shallow, or moderately steep soils are generally used for grazing. In 


TABLE 49.—Key, modal profile, and 


Modal profile 
Horizon Color (dry) 
Key Series Range in depth 
Let- to— ‘Texture 
AER n us re 
sym- Namo Munsell 
bol | Upper | Lower 
limit | limit 
At 0 10R 3/3-3/4 | Silty clay... - 
Bi 6-12 10R 3/6-4/6 
B: 12-24 10R 3/6-4/6 
A. Red soils___-_..-. Kahana. 
B: 384-45 | 51-66 |... do... roll 10R 4/6-4/8 |..... do. 
C 51-68 j....---- Red or brown, fragmentary silty clay surrounding 
WN TEV Pe cae le lll cats ee Basalt or andesite bedrock; unweathered cores 
Ai 0 6-12 Dark reddish 5Y R 3/2-3/4 | Silty clay loam. 
rown. 
Š Bı 6-12 | 21-30 | Reddish brown.| 5Y R 4/3-5/& |... | =i e MSE E 
B. Reddish brown | Hali- E " ; 
soils, imaile. | P? 21-30 | 42-60 |..... [;[ MP sees 5YR 4/3-5/4 | Silty clay... 
Cc 42-60 |... Gray and brown, weathered rock retaining rock 
Dc Aisaiinex|eeem-—-— Andesite or basalt bedroek....... 2... l.l 
i 


“In the shallow included soil on Kauai the D horizon extends from 12 inches. 
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some tather isolated places, however, the deeper, uneroded soils that 
would be well suited to either sugarcane or pineapple are grazed. 

The deep, nonstony, and gently sloping soils are well suited to pine- 
apple or to sugarcane under irrigation. The intensity and duration of 
sunlight is not so high as on the Molokai and Lahaina families, so the 
production of carbohydrates by sugarcane is somewhat limited. De- 
spite this limitation the more favorable phases of these soils must be 
considered well suited to cane. 

The physical condition of the soils is well suited to irrigation; the 
soils are porous, yet they are fine-textured and hold water well. Like 
the other soils of the Low Humic Latosol group, they have a high 
capacity to fix phosphorus in unavailable forms, and they are on 
moderately well supplied with nitrogen. Although they are relatively 
higher in potassium than soils of the Humic Latosol group, potash 
fertilization is commonly needed. They have less potassium, however, 
than soils of the Molokai and Lahaina families. 

Good yields of either pineapple or sugarcane can be obtained only 
with intensive fertilization. Although rainfall is higher than on soils 
of the Lahaina family, moisture is still a limiting factor for sugarcane. 
Pineapple is produced without irrigation by the use of mulch paper, 
and under these conditions moisture is usually adequate. Sprays of 
soluble iron compounds are used for control of iron deficiency. 

When used for pasture, the soils are productive, principally because 
the well-distributed rainfall throughout the year permits the growth 
of a variety of permanent sod grasses. Although most forage is pro- 
duced in the spring and early summer months and the least in the 
drier summer or early fall months, moisture is adequate for mainte- 
nance of a permanent sod. Bermudagrass is prominent. Paspalum 
species and kikuyu are important introduced grasses. Napiergrass 


environment of soil series of the Kahana family 


Model profile—Continued Environment 
; rues "— A = 
" in. Vege- 
Structure oco oy) pH Efter yesconce Island Bun Elevation | tation 


| Inches Feet 
Moderate medi- | Very friable._.._ 5.5-6.5 | Violent..........] 
um granular. 


Wea fine blocky. Friable.......... 5.0-6.5 | Strong.......... 
Moderate fine or |..... d0.......... |8.0-6.5 | On concretions aat 
medium block y. and black Kaal: AA Pe 20 & B. 
coatings. m de d 
Moderate medi- |... do... 5.0-6.5 | None..——-—--.--- Oshu--- 40-60 | 200-1, 450 | Ch. 
um blocky. 


solid rock cores... 
appear in horizon C 
Moderate medi- 
um granular, 
Weak fine blocky- 
Moderate fine 
blocky. 
structure_....--------... 


Maui...| 35-60 | 500-2,000 | Ci. 
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and Guineagrass, are well adapted to production of green forage for 
soiling crops. Pigeonpea is an important shrub in some areas but 
generally lasts only 4 or 5 years. Guava and, in the drier areas, 
lantana are serious weeds in pastures and on idle land. 

Suitability for use depends greatly upon such factors as slope, 
stoniness, depth to bedrock, and degree of erosion. These are the 
factors that were used to differentiate phases within soil types. The 
mapping units of the Kahana family are grouped in table 50 to show 
suitability and physical limitations for mechanized agriculture. 


Soils well suited to mechanized agriculture.—The soils well suited 
to mechanized agriculture are the gently sloping phases of Kahana 
silty clay loam and Kahana silty clay. Slopes for the most part 
range between 3 and 8 percent in gradient; locally, the units ma 
include areas as steep as 10 percent. Erosion is slight, and the soils 
have few or no loose stones. The soils are deep; depth to bedrock 
is well over 40 inches. The physical condition of the soils is well 
suited to cultivation and irrigation. Fertilization with nitrogen, phos- 
phorus, and potash is needed. Phosphorus, particularly, becomes 
deficient quickly because it is fixed in forms not available to plants 
soon after application. 

These soils are well suited to pineapple. They occur on gentle 
slopes where erosion is not a problem and in a rainfall zone where 
precipitation throughout the year is adequate for continued growth. 
Pineapple is grown on areas where water is not available for irrigation 
of sugarcane. These include a large part of the soil areas on Maui, 
part of them on Oahu, and a relatively small part on Kauai. 

The gentle slopes permit relatively easy distribution of irrigation 
water for the production of sugarcane, although ditches must be laid 
out on the contour. The soils hold water well and are able to supply 
it to cane for considerable periods after irrigation. Similarly, the 
slopes do not interfere seriously with the use of heavy machinery. 
One of the limiting factors for the production of cane is the relatively 
high percentage of cloudy weather that prohibits the very high yields 
that are obtained on soils of the Molokai family. 

The Kahana soils are used to a considerable extent for pasture on 
the island of Oahu. A permanent grass sod provides continuous 
grazing throughout the year. 


Soils moderately well suited to mechanized agriculture.—The soils 
moderately well suited to mechanized agriculture are the sloping and 
eroded sloping phases of Kahana silty clay and Haliimaile silty clay 
loam. Slopes range from 5 to 15 percent in gradient and are the 
principal limiting factor in agriculture. They interfere moderately 
with the use of machinery in cultivation and harvesting and require 
that irrigation be on the contour, sometimes in relatively intricate 
patterns. Where these soils are used for sugarcane, the cover afforded 
by the crop effectively controls erosion. Where they are used for 
pineapple, erosion is a serious problem. 

Two of the units included in this group, the eroded sloping phases 
of Kahana silty clay and llalimaile silty clay loam, are severely 
eroded, and have lost all of the A, and most of the B, horizons. In 
spite of the loss of soil, however, these soils are relatively easily re- 
claimed for cultivation. When reclaimed, the productivity appears 
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to be only slightly less than that of the soils when uneroded. In 
most eroded areas, there are a few loose stones on the surface. Con- 
tinued erosion will reduce the depth of soil to such an extent that the 
water-holding capacity will be seriously impaired and the bedrock 
outerop of loose stones will seriously interfere with cultivation and 
harvesting. 


Soils poorly suited to mechanized agriculture.—Soils poorly suited 
to mechanized agriculture are the gently sloping and eroded sloping 
phases of Kahana stony silty clay. Loose stones are generally so 
numerous that machinery can be used only with difficulty unless the 
land is cleared. In a few places bedrock outcrops also interfere with 
cultivation. Most of the soils of this group are only moderately deep. 
They occur in small areas adjacent to steep, nonstony soils in many 
places and are used with them. For the Hawaiian Islands as a whole, 
& smaller proportion of the total area is cropped on this group than 
on the soils well suited to mechanized agriculture. They are, how- 
ever, suited to crop production. 

Kahana stony clay loam, shallow phase, which occurs only on Kauai 
southeast of Koloa, is only 12 to 30 inches to bedrock. On this soil, 
rock outerop interferes with cultivation in a number of places. 


Soils very poorly suited or unsuited to mechanized agriculture.— 
The soils poorly suited or unsuited to mechanized agriculture are the 
eroded moderately steep phase of Kahana silty clay, the eroded mod- 
erately steep and the severely eroded phases of Kahana stony silty 
clay, the shallow phase of Kahana stony clay loam, and the steep 
phases of the Kahana series. One or more limiting factors—steep 
slopes, stoniness, or severe erosion—make the use of machinery 
extremely difficult, and reduce productivity. 

Where these soils occur in intimate association with better soils of 
the same family, they may be used for cane or pineapple in about 
the same way as the adjacent soils. For the most part, however, 
soils of this group are idle or are used for grazing. The carrying 
capacity of pastures is lower than on the associated decper, nonstony 
soils. The difference between these soils and the deeper soils of the 
same family, however, is not so great as between comparable phases 
of the Molokai or Lahaina families, where rainfall is more limiting. 
The common species of plants on these soils are similar to those on 
the deeper and less strongly sloping soils of the same family, but the 
density of cover is ene not so great. 


KAHANA SERIES 


The Kahana series consists of red soils derived from basalt weathered 
in place in regions that receive between 30 and 60 inches of annual pre- 
cipitation and at elevations that range from 0 to 1,500 feet above sea 
level. They occur in the same climatic zone as the Wahiawa family, 
but they have less violent effervescence with H,O, in the surface layer, 
and the effervescence extends to shallower depths. In the B, horizon 
effervescence with H,O; is distinctly less than in the horizon above. 
The soils are moderately to strongly acid throughout the solum. 

The soils of this series occur entirely in vegetation zone C, as defined 
in the section on Soils and Vegetation, except on the island of Kauai, 


Tape 50.—Suitability and physical limitations for mechanized agriculture of mapping units of the Kahana family 


Sorus WaLL SurrED tro MECHANIZED AGRICULTURE 


t | | | 
: . ae : | : Depth to "e "E T 
Soil family and mapping unit Slope Erosion Loose stones bedrock Principal physical limitations 
| Percent | | Inches 
Kahana family, gently sloping phases: Í | 
Kahana silty clay loam, gently sloping phase... 3- 8 | Slight_-.-___- | Slight. cones 40--| Slope slightly restricting for 
f | irrigation. 
Kahana silty clay, gently sloping phase... 3-10 |....- dés ecd eed (3 fo NEED | 40+ o. 
i 
Sorts MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 
i E — E. 
Kahana family, sloping phases: | 
Kahana silty elay: | 
Sloping phase... ccc acoso c Lc ee 5-15 | Sight... Slight_-.-.--- 40+] Slope. 
Eroded sloping phase________--.-....-.---- | 5-15 | Severe... LL. |... dà sees 40--| Slope and eroded condition. 
Haliimaile silty clay loam: 
Slopine PNGGE. oo ocean cen N anea 5-15 | Moderate_.___j|____- (6 (oe 40+-| Slope. 
Eroded sloping phase.___.....2-__----2-__- 5-15 | Severe___.___j.-._- do... 40+] Slope and eroded condition. 
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Sorts Poorty SUITED TO MECHANIZED AGRICULTURE 


Kahana family, stony types and sloping phases: 
Kahana stony silty clay: 
Gently sloping phase---------------------- 3-10 | Moderate__._- Moderate..--_- 40--| Loose stones. 
Eroded sloping phase_--------------------- 8-15 | Severe. .2.-!--__. ds. ios 30-+| Loose stones and slope. 


Sorts Very PooRLv SUITED or Unsurrep TO MECHANIZED AGRICULTURE 


Kahana family, shallow severely eroded, moder- 
ately steep, and steep phases: 


Satana silty clay, eroded moderately steep 10-25 | Severe. ...... Slight.------- 30+] Slope and eroded condition. 

phase. 

Kahana stony silty clay, eroded moderately 15-80 |....- (chores Moderate... 30--| Loose stones and moderate to 
steep phase. | steep slope. 

Kahana stony silty clay, severely eroded phase 5-15 | Very severe___|_..-- do. sous 20--| Loose stones and very severe 

erosion, 
Kahana stony clay loam, shallow phase........ 0- 5 | Slight.-------l----- do....... 12-30 | Loose stones; locally, depth. 
Kahana series, steep phases... LLL cll. 20-45 | Very severe.. |... dossa 204+! Steep slope. 


i 
| 
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where they extend slightly into vegetation zone B. They have the 
moderately well developed granular A, horizons characteristic of the 
wetter regions of the Low Humic Latosols. 

Modal profile of the Kahana series: 8 

Ai 0 to 9 inches, dark-red silty clay; moderate medium granular structure; 
very friable when moist, nonplastie when wet; violent effervescence 
with H202; pH 5.5 to 6.5; roots very numerous. 

B, 9 to 18 inches, red silty clay; weak fine blocky structure; friable when 
moist; slightly sticky but nonplastic when wet; strong effervescence with 
H202; pH 5.0 to 6.5; roots numerous. 

B 18 to 40 inches, red silty clay; moderate fine or medium blocky structure; 
friable when moist, slightly sticky and plastic when wet; effervescence 
with H,O, confined to numerous small black concretions and to black 
coatings on aggregates; pH 5.0 to 6.5; roots present. 

B; 40 to 60 inches, red silty clay; moderate medium blocky structure; friable 
when moist, slightly sticky and plastie when wet; no effervescence with 
H,02; pH 5.0 to 6.5; a few roots present. 

C 60 inches-+, red or brown silty clay surrounding solid rock cores; common- 
ly retains original rock structure; grades to solid basalt, mainly at depths 
of more than 6 feet; shallow included soil on Kauai has D horizon at 
depths as shallow as 12 inches. 

The soil is generally deep over bedrock unless it has been eroded. 
One area on the island of Kauai southeast of Koloa consists of soil 
12 to 30 inches deeper over younger lava than is normal for the type. 
This soil has been included in this series because of its small total 
extent. Another inclusion consists of areas of flats or small depres- 
sions. They occur at the base of more strongly sloping areas where 
there has apparently been an accumulation of wash from the adjacent 
soil. Asa result the surface soil is deeper than is usual for the Kahana 
series and effervescence with H,O; is more violent. 


Kahana silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Ku).—This red soil occurs in the vicinity of Lihue on Kauai. The 
surface layer is somewhat lighter textured than is characteristic of the 
series, and a layer commonly occurs at about 20 inches that is some- 
what firmer in place than the subsoil at similar depths in most Kahana 
soils, 

The surface horizon in cultivated fields is similar to that described 
for the Kahana series, but it is slightly lighter in texture and is classi- 
fied as a silty clay loam. This horizon is underlain by a red friable 
silty clay loam that is lower in organic matter than is the horizon above. 
Below 20 inches is a red silty clay with moderate fine or medium blocky 
structure similar to that described for the Kahana series. In this 
layer there are commonly strong concentrations of manganese dioxide. 
They occur as small concretions or as coatings on the aggregates and 
effervesces violently with H:O. Those concentrations decrease with 
depth. Unlike the Kahana soils on the island of Maui and Oahu, 
solid rock cores may be embedded in the subsoil material within a 
depth of 24 inches. The material surrounding them, however, has 
the appearance of the normal B horizon of the Kahana soils. The zone 
of weathered rock material occurs mainly below a depth of 50 inches. 

Almost all of the soil mapped on Kauai is used for sugarcane under 
irrigation. The yield depends somewhat on the variety and the length. 
of crop. This soil is well suited to the production of pineapple. The 


8 Kahana silty clay. 


LOW HUMIC LATOSOLS 283 


moderate slopes minimize the danger of erosion when the soil is in this 
use. Where the soil is used for pasture, Bermudagrass is the dominant 
grass, but there is some Natal redtop in the drier situations. Paspalum 
species and kikuyu are well adapted for introduction. 


Kahana silty clay, gently sloping phase (3 to 10 percent slopes) 
(Kr).—This is a red soil in a 30- to 60-inch rainfall belt on West-Maui 
Mountain, near Lihue on Kauai, and near the upper limits of cultiva- 
tion on the western slope of the Koolau Range on Oahu. 

The dominant soil profile of the phase is essentially that indicated 
for the greatest depths of soil in the profile diagram of the Kahana 
series. The soil as mapped on West-Maui Mountain, however, in- 
cludes small areas with somewhat deeper surface soils and with more 
violent effervescence with H,O, than is common to the series. Most 
of the soil is developed on basalt, but a small area extending from 
Kahana northward to Honolau on West Maui is developed from andes- 
ite or trachyte. Little or no difference could be seen between the 
solls on the two kinds of rocks in this area. Solid bedrock generally 
occurs in this phase at depths greater than 6 feet, and in many places 
it may be as much as 20 feet below the surface. 

The unit includes a number of small areas in which local alluvium 
appears to have contributed appreciably to the present soils. On 
Kauai parts of the area contain loose rock cores that are relatively un- 
weathered within the B; or B4 horizons. Normally such cores do not 
oceur above a depth of 50 inches. The soil varies considerably in 
reaction with H,O, from place to place. In some places, mainly in 
depressions where local alluvium has accumulated, effervescence may 
be almost as violent and extend to almost as great depths as in soils of 
the Wahiawa series. In these places manganese dioxide has segre- 
gated as very small concretions or as coatings on aggregates to a 
greater extent than in the areas more typical of the phase. 


On the islands of Maui and Kauai, the phase is used both for cane 
under irrigation and for pineapple. On the island of Oahu, the soil is 
used to some extent for both of these crops, but a relatively larger 
proportion of the total area is used for pasture. Intensive fertiliza- 
tion is practiced for both crops. Rapid chemical tests on the island of 
Maui in pineapple areas have shown the soil to be much higher in 
available potassium than adjacent soils in slightly wetter regions. This 
soil is relatively deficient in nitrogen for the growing crop in spite of the 
moderately high organic-matter content of the surface soil. Where 
the soil is used for pasture, Bermudagrass is the dominant species, but 
Natal redtop is common in some of the drier areas. 


Kahana silty clay, sloping phase (5 to 15 percent slopes) (Ka). 
These are slightly or moderately eroded soils. They occur as small 
tracts in association with Kahana silty clay, gently sloping phase, and 
consist of the more strongly sloping areas that are not eroded. The 
phase has been mapped only on West-Maui and on Oahu. The soil 
is deep and well drained; it is fine-textured but open and moderately 
porous and holds large quantities of water available to plants. It is 
essentially free from stone except locally where small eroded areas 
have been included. 

The soil profile is like that described for the Kahana series. Depth 
to bedrock is probably slightly less in this phase than in the gently 
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sloping phase, but it is greater than 5 feet in almost all places. A few 
small areas on West-Maui Mountain have been included in which 
depth to bedrock is as little as 24 inches. A few small areas on the 
island of Oahu that have loose stones on the surface have also been 
included. These are indicated on the soil map by symbol. 

The soil, like the associated gently sloping phase, is used for pine- 
apple, sugarcane under irrigation, and pasture. 

When used for pineapple, the soil is subject to considerable erosion. 
Control of erosion is not a serious problem when the soil is used for 
sugarcane. Yields of sugarcane are reported to be essentially the 
same as those on the gently sloping phase. 

More of this phase is used for pasture on Oahu than on West-Maui; 
several areas near the wetter limit of the series have been abandoned 
from pineapple production and allowed to revert to pasture. 


Kahana silty clay, eroded sloping phase (5 to 15 percent slopes) 
(Kr) —This phase consists mainly of small areas where erosion has 
been serious under intensive cropping. It is mapped only on the 
island of Kauai, but a few small areas have been included with Kahana 
silty clay, sloping phase, both on the island of Maui and on the island 
of Oahu. Erosion has not destroyed the soil for use as cultivated. 
land, but continued erosion would eventually reduce it to a litter of 
stones in weathered rock material similar to that of areas where cane 
production has been abandoned. 

The soil profile is essentially a truncated profile of Kahana silty 
clay as shown in the modal profile. In most places both the A, and 
B, horizons have been lost, and in some places erosion has cut well 
into the B; horizon. This represents a loss of soil ranging from 18 
inches to as much as 3 feet. Under cultivation a horizon relatively 
high in organic matter has been developed in the old B, horizon. 
This layer is friable and granular and is almost indistinguishable from 
the normal plowed layer of uneroded areas, except that effervescence 
with H;O; is commonly less violent. This layer is underlain by the 
original B; horizon, which is slightly firm in place but moderately 
friable to crush. The B; horizon grades downward to weathered rock 
in which solid rock cores are embedded. In many places these cores 
occur in the B; horizon, and in a few places they have been exposed 
at the surface. There are not enough of these loose stones, however, 
to interfere seriously with cultivation. 

The phase is used mainly for sugarcane in association with the 
gently sloping phase. Yields of cane and production of sugar were 
reported by plantations to be somewhat lower on this phase than on 
the associated gently sloping phase. It is managed in essentially 
the same way, however. 

Where the soil is used for sugarcane, the crop forms an effective 
cover for control of erosion. In other areas, especially if the soil is 
used for pineapple, erosion is a serious problem. When the soil is 
used for pasture, Bermudagrass or such introduced species as the 
paspalums and kikuyu are the principal pasture plants. 


Kahana silty clay, eroded moderately steep phase (10 to 25 percent 
slopes) (K12).—This phase is confined to the island of Kauai and 
occurs mainly on the sides of valleys. Slope interferes seriously with 
the use of machinery. The soil has a truncated profile in most places 
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as a result of erosion. Both the A, and D, horizons have been lost, and 
locally the B, horizon has also been lost. This represents a loss of 
soil ranging from 18 to 30 inches in most places. Much of the area 
has been under grass or mixed grass and shrubs in recent years, and in 
most areas a horizon moderately high in organic matter has developed 
in material of the old B, horizon. Erosion is generally moderately 
well stabilized under this cover. 

Because of increasing importance of mechanization, most of the 
area has been taken out of crops. It may be grazed, but where it 
occurs in association with cultivated land, it is generally idle. Under 
this condition, guava, lantana, and Bermudagrass are prominent in 
the vegetation. Because of its limited area, this phase is not impor- 
tant in the agriculture at the present time. 


Kahana stony silty clay, gently sloping phase (8 to 10 percent 
slopes) (K1).—This is a stony soil with gentle slopes. The stones 
are sufficiently numerous to interfere with machine operations, but 
the use of machinery is not prohibited. The soil occurs on Kauai on 
McBryde Plantation and as small areas on Oahu. 

Except for stoniness, the soil profile appears to be similar to the 
modal profile given for the Kahana series. Generally the solum is 
somewhat shallower, and depth to weathered rock material is com- 
monly between 3 and 4 feet. The soil has the general appearance of 
one that has been eroded in the distant past and has since developed 
horizons very similar to those of the uneroded soil. Loose rock cores 
on the surface and throughout the solum are evidence of past erosion. 
There is no evidence in most places at the present time, however, that 
the soil is actively eroding to any greater extent than nonstony soils 
of the Kahana series. 

The soil is used with the nonstony types of the Kahana series, 
mainly for sugarcane under irrigation. Yields of cane reported are 
essentially as high as on the nonstony soils. The important difference 
is in ease of management. 

Very little pineapple is produced on the soil. Where the soil is idle, 
guava and lantana quickly encroach. Bermudagrass is the most 
important species in areas used for pasture, but kikuyu and paspalums 
are important introduced species. 


Kahana stony silty clay, eroded sloping phase (8 to 15 percent 
slopes) (Kx).— This soil differs from Kahana stony silty clay, gently 
sloping phase, in having stronger slopes and in being more severely 
eroded. Erosion has removed all of the A, and B, horizons in most 
places. A few small areas showing no evidence of active erosion 
at the present time have been included. There are enough loose 
rock cores scattered over the surface to interfere with the use of 
machinery but not enough to prohibit mechanized agriculture. 

The soil profile in cultivated fields consists of a plowed layer 8 or 12 
inches thick that is moderately high in organic matter and that very 
closely resembles the original A; horizon described for the Kahana 
series. Loose stones are on the surface and embedded in the horizon. 
This horizon is underlain by the original B; material, which is moder- 
ately firm in place and absorbs water slowly. The rest of the profile 
is essentially that described for the Kahana series except that loose 
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stones occur throughout the solum. Depth to weathered rock mate- 
rial ranges from 24 to 50 inches in most places. 

The soil is used for the production of cane in essentially the same 
way as the associated gently sloping phase of Kahana stony silty 
clay. Some areas have been retired from cane cultivation. Machin- 
ery is used, and some effort is made to remove the loose stones from 
the surface and pile them in the fields. Slopes are a moderate handicap 
in the use of machinery and in the distribution of irrigation water. 
Erosion has reduced the capacity of the soil to absorb water and 
to hold it after irrigation. Consequently, yields are probably some- 
what lower on this soil than on the nonstony and gently sloping 
units of the Kahana series. 

Bermudagrass is the most common native grass on the areas used 
for pasture. Kikuyu and paspalums are among the important 
species used for introduction. 


Kahana stony silty clay, eroded moderately steep phase (15 to 30 
percent slopes) (Ks).—This soil occurs principally in small areas asso- 
ciated with the more gently sloping stony soils of the Kahana series 
on Kauai. Slopes are so strong that they seriously interfere with the 
use of machinery. Loose stones form a litter on the surface that 
interferes with the use of machinery, particularly in harvesting 
operations, 

The soil has a truncated profile as a result of erosion. The present 
A, horizon was originally part of the B, horizon in most places. Under 
cultivation or under the native grasses of the region, it has now 
developed into a layer moderately high in organic matter. Usually 
20 to 40 inches of soil remains over the weathered soil material, but 
loose rock cores are abundant throughout the profile and on the 
surface of the soil. Effervescence with H,O, is distinctly less in these 
areas than on the uneroded soil. 

This soil may be cropped with the associated less strongly sloping 
soils, but its steeper arcas are commonly idle. Erosion is little or no 
problem when the soil is used for sugarcane, but it would be serious 
if it were used for pineapple. In idle areas, guava is one of the 
principal species in the plant association and it commonly occurs in 
association with Bermudagrass or lantana. 


Kahana stony silty clay, severely eroded phase (5 to 15 percent 
slopes) (Km).—This soil is typical of the areas where cane production 
has been abandoned after mechanization of the industry in Hawaii. 
Such areas were cropped to sugarcane when most of the labor was 
performed by hand. The soils are very severely eroded. In most 
places all of the soil material down to the B; horizon has been removed, 
and in some places erosion has cut into the C horizon. Many loose 
rock cores litter the surface and very seriously interfere with or 
completely prohibit cultivation. In some places bedrock outcrops 
are also common. 

The present soil profile in most places consists of a 6- or 8-inch 
surface layer, in which organic matter has accumulated, over a thin 
red silty clay horizon similar to that of the B; horizon described for the 
Kahana series. This layer commonly rests on weathered rock material 
at less than 18 inches. In many places the weathered rock material 
is exposed, and commonly it has developed a thin A, horizon. 
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Some areas of this phase are actively eroding and are bare of 
vegetation. Although the waterholding capacity and the ability of 
the soil to absorb water have been considerably reduced by erosion, 
productivity of pasture should be at least moderate once a sod is 
formed. One of the major problems is control of such shrubs as 
guava and lantana where the use of machinery for its eradication is 
difficult or impossible. This soil is unsuited to agriculture that 
requires the use of machinery. 


Kahana stony clay loam, shallow phase (0 to 5 percent slopes) 
(K1).—-This phase occurs near Koloa on the island of Kauai and 
consists of a shallow soil developed on lavas younger than normal 
for the Kahana series. The two uppermost horizons are very much 
like the A, and B, horizons as indicated in the profile descriptions 
for the Kahana series; but the B; and B; borizons are absent, and the 
C horizon is commonly only 2 to 5 inches thick. Depth to bedrock 
is variable, ranging from as little as 14 inches to as much as 40 inehes 
in some places. Locally there are a few bedrock outcrops that inter- 
fere with cultivation. Loose stones, representing fragments of the 
underlying bedrock, are sufficiently numerous on the surface to 
interfere with machine cultivation, but they do not generally prohibit 
the use of machinery. Slope is not a serious handicap. 

When essentially all operations could be performed economically by 
hand, this soil was cropped intensively to cane. It is shallow, has 
limited water-holding capacity, and dries quickly after irrigation. 
It requires intensive fertilization with nitrogen and phosphorus, but 
potassium is relatively well supplied. 

None of this soil is used for pineapple. On areas that are not 
cropped, guava and lantana are among the dominant shrubs and 
Bermuda grass and Natal redtop are the more prominent grasses. 


Kahana series, steep phases (20 to 45 percent slopes) (Kp).-—-This 
unit includes all soils of the Kahana series—regardless of texture, 
stoniness, or erosion—that occur on slopes between 20 and 45 percent 
in gradient. These soils are generally too steep for cultivation with 
machinery. They occur as small areas in association with other 
Kahana soils or in association with soils of the Wahiawa, series on 
Oahu. Some of these areas are essentially free of stones and are 
uneroded. Others are very stony and may be shallow to bedrock. 
No attempt was made to differentiate between these conditions, 
because the steepness of slope completely overshadowed all other 
properties in determining land use. 

At one time- areas of these soils were used for sugarcane, irrigated 
and cultivated by hand labor, but most of them have been abandoned. 
In most places these soils are covered with guava or lantana in asso- 
ciation with Bermudagrass, Natal redtop, or weeds. The total area 
is small, and the unit is of limited importance among the soils of 
Hawaii. 

HALIIMAILE SERIES 

The Haliimaile series consists of reddish-brown soils that occur 
only on Maui; they are in the 35- to 60-inch rainfall belt below 
Makawao. Elevations range from 500 to 2,000 feet above sea level. 
These soils are in vegetation zone C, as defined in the section on Soils 
and Vegetation. They are fine-textured and are similar to soils of the 
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Kahana series except in color. The A, horizons are moderately well 
developed, and the soil is moderately to strongly acid throughout the 
solum. Effervescence with H:O, occurs only in the uppermost one 
or two horizons. . . 

Modal profile of the Haliimaile series: 

A, 0 to 9 inches, dark reddish-brown silty clay loam; moderate medium 
granular structure; very friable when moist; nonplastie when wet; 
strong to moderate effervescence with H202; pH 5.5 to 6.5; roots very 
numerous. 

B, 9 to 25 inches, reddish-brown silty clay loam; weak fine blocky structure; 
friable when moist, slightly sticky when wet; strong to weak effer- 
vescence with H202; pH 5.0 to 6.5; roots numerous. 

Bə 25 to 50 inches, reddish-brown silty clay; moderate fine blocky structure, 
firm or very firm in place but friable to crush when moist, slightly 
or moderately plastic when wet; weak or no effervescence with H20 
except on a few black coatings on aggregates; pH 5.0 to 6.5; few roots. 

C 50 inches +, gray, brown, and yellow weathered rock retaining original 
rock structure and surrounding solid rock cores of andesitic basalt 
or basaltic andesite; cores become larger and more numerous with 
depth, and usually grade to bedrock at 5 to 10 feet, 

The horizon at about 2 feet is firm or very firm in place and dis- 
tinetly less friable than the material above that is characteristic of the 
series. This horizon is not cemented and appears brown when moist. 
Water that flows on a steep gradient in irrigation ditches cuts through 
the upper 2 feet of this soil but does not cut appreciably into the 
underlying B; horizon. : : 

Rainfall increases with elevation, and some of the soil character- 
istics change as rainfall varies. The soil near the lower limit of the 
series is redder than that at higher elevations and is generally more 
violent in effervescence with H,Q:. Firmness of the B; horizon is least 
at the lowest elevations, and pH generally decreases with an increase 
in elevation. . ; 

Near the southern end of the area, the soil is slightly influenced 
by volcanic ash and is transitional to soils of the Waimea series of the 
Reddish Prairie group. The surface texture is generally a silty clay 
loam, which is hghter than common for soils in this climatic zone. 
This texture may be the result of some slight ash influence throughout 
the area. Tf ash has influenced the soil appreciably, it is not strongly 
apparent except near the upper limits of the type. In this area 
the pH value varies from 6.5 to 7.0, according to the method of 
determination. 


Haliimaile silty clay loam, sloping phase (5 to 15 percent slopes) 
(Haq).—This phase is more extensive than the eroded sloping phase 
and includes the normal cropland between Kailua Camp and Ma- 
kawao, on Maui. The profile in most places is essentially that 
described for the Hailiimaile series, but the phase as mapped includes 
a number of variations. The phase, as a whole, is on sloping land 
but includes numerous small flats or slight depressions. In these 
included areas, local alluvium washed from the adjacent more sloping 
lands has accumulated to varying thicknesses. The surface soil is 
consequently considerably thicker than normal, and the depth to the 
firm B; horizon may be as much as 3% or 4 feet. It is in these places 
that effervescence with H,O, is most violent. 

Near the highest elevations at which this phase occurs, the surface 
soil is a silt loam, or in some places a very fine sandy loam, as a result 
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of a thin surface deposit of voleanie ash. The texture of the surface 
soil generally becomes lighter above an elevation of 1,500 feet. Areas 
of deep soil having a profile similar to that described for the series but 
containing gravel or stone fragments in moderate amounts in the 
surface soil are also included. These areas generally occur in the 
regions of lighter textured soil, and according to the agriculturalist of 
Maui Pineapple Plantation, they are higher than other areas of the 
series in available phosphorus. 

Most of the area is used either for irrigated sugarcane or for pine- 
apple. Cane is produced at the lower elevations, and pineapple at the 
higher. The soil is subject to considerable cloudiness that limits the 
production of sugar. It is definitely less productive of sugar than 
soils of the Lahaina or Molokai series. 

Slopes, for the most part, are less than 10 percent in gradient, and 
most of the soil is therefore well adapted to distribution of irrigation 
water. Nevertheless, the firm B, horizon limits the absorption of 
water, especially in slightly eroded areas, and causes this soil to dry 
more quickly after irrigation than soils without this horizon. Neither 
slopes nor loose stones interfere seriously with cultivation. There 
are few bedrock outcrops in the area. 

The soil is subject to rather serious erosion where used for pineapple. 
Sheet erosion commonly removes the uppermost two layers, but 
stops at the firm D; horizon. There is little or no gullying in the area. 

The soil is well adapted to pasture. Perennial grasses are particu- 
larly abundant. Bermudagrass is prominent in the plant association 
throughout most of the area. Paspalum species are the most impor- 
tant of the planted grasses; kikuyu grows well. Grasses form a good 
sod and suppress weedy growths. Large tropical forage grasses such 
as Napiergrass and Guineagrass are well adapted. 


Haliimaile silty clay loam, eroded sloping phase (5 to 15 percent 
slopes) (Hv).—This phase consists of areas with serious sheet erosion 
but few or no gullies. In most places the A; and B, horizons have been 
lost and the B, horizon exposed. An <A, horizon, or plowed layer, 
moderately high in organic matter has been developed in most places, 
and about 6 or 8 inches of the undisturbed firm B horizon is left 
between it and the weathered rock material. In many places the 
weathered rock material is turned up in plowing. Rock fragments in 
moderate amounts occur on the surface and throughout the soil, but 
they do not seriously interfere with cultivation in most places. Solid 
bedrock generally occurs below a depth of 40 inches, but it may out- 
crop in a few areas. Most of the soil is within the pineapple- 
production section (vegetation zone Ci). 

The soil is used with the sloping phase, and management practices 
on the two soils are essentially similar. At the lower elevations this 
soil is used for cane under irrigation, and the appearance of the crop 
is definitely inferior to that on the uneroded sloping phase. ‘The 
inferior crop probably results because the soil is too shallow to hold 
water, absorbs water slowly in its relatively firm subsoil, and dries 
rapidly after irrigation. 

At the higher elevations, the soil is used for pineapple and erosion 
control is a serious problem. The pineapple crop appears to be 
definitely inferior to that on the uneroded sloping phase. The differ- 
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ence can probably be attributed largely to lower capacity of the soil 
to hold water for the growing crop. Even though this soil is in regions 
of relatively higher rainfall than some of the best pineapple land, 
moisture may be limiting for considerable periods during the drier 
parts of the year. 

When the soil is used for pasture, the dominant native grass is 
Bermudagrass, and the more important grasses for introduction are 
paspalums and kikuyu. It is on this phase that lantana is the most 
serious pest in the region of Haliimaile soils. 


SOILS OF THE KOHALA FAMILY 


The relationship of soils in the Kohala family to others in the 
Low Humic Latosol group is shown in table 17. They are red or 
reddish-brown soils, generally uniform in texture and chemical com- 
position, throughout the solum, that occur in the most humid part of 
the Low Humic Latosolregion. In many respects they approach the 
soils of the Humic Latosol group, and there was considerable doubt 
as to their correct placement among the broad groups of soils of the 
Hawaiian Islands. They were finally included with the Low Humic 
Latosol group, mainly because they exhibit moderate effervescence 
with H,O, in the upper part of the profile, which is a characteristic 
that soils of the Humic Latosol group generally do not have. Soils 
of the Kohala family approach that group, however, in pH, color, 
consistence, and degree of development of the A, horizon. The 
family should be considered transitional between the broad Low 
Humic and Humic Latosol groups. 

The Kohala family of soils occurs on the islands of Hawaii, Kauai, 
Maui, and Oahu under rainfall that ranges mainly from 50 to 80 
inches but in some places may be as low as 35 inches per year. They 
occur at elevations ranging from sea level to 2,000 feet and are almost 
entirely in vegetation zone C, as defined in the section on Soils and 
Vegetation. Locally on Kauai they extend slightly into vegetation 
zone D,, 

The family is differentiated from the Molokai and Lahaina families 
on the basis of having a granular A, horizon instead of a crumb- 
structured weak A; horizon. This, however, is also characteristic of 
the Wahiawa and Kahana families. The Kohala family represents 
the soils that have the weakest effervescence with H,O; among the 
Low Humic Latosols, In an order of decreasing effervescence the three 
families would be arranged thus: Wahiawa, Kahana, and Kohala. 

As indicated in table 17 the soils of the Kohala family have an A, 
horizon moderately developed and granular in structure. That 
horizon has a pH. commonly ranging from 5.5 to 6.5 and shows mod- 
erate effervescence with H;O;, Below the A, is red, reddish- brown, 
or brown friable silty clay that is weakly blocky and has a pH ranging 
from 5.0 to 6.5. In this horizon there is weak or no effervescence 
with H:O; and the black concretions and coatings on the aggregates 
characteristic of the Kahana and Wahiawa families are commonly 
absent. The B horizon grades at varying depths, generally below 
30 or 40 inches, to weathered basalt or andesite. 

Available evidence indicates that soils of this family are less well 
supplied with potassium than soils of the Kahana or Wahiawa families 
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and that, like soils of those two families, they have the ability to fix 
large quantities of phosphorus in unavailable form. Where they are 
uneroded they are relatively better supplied in total nitrogen, but 
nitrogen fertilization is essential if they are used for crops. The 
soils are fine-textured, analyzing clays or heavy clays by mechanical 
analysis, but the characteristic of their clay is such that they have 
the properties of soils high in silt. In order to indicate these prop- 
erties, the soils have been classified mainly as silty clays. 

The family consists of four series, which are related as shown in 
table 51. Differences among these four soil series may result from 
differences in parent materials, but these relationships remain to be 
determined. The soil characteristics used for differentiating the 
series were color and firmness of the subsoil. One series, the Alaeloa, 
is brilliantly red, or similar in this respect to soils of the Kahana 
family. Two series, the Nakalele and Kohala, are reddish brown. 
The Nakalele has a friable subsoil and is very subject to erosion, 
whereas the Kohala has a firm subsoil and appears to be less subject 
to erosion. The fourth series, the Hamakuapoko, is brown and is 
confined to the island of Maui. None of the soils of this family 
are derived from alluvium; all are from basalt or andesite weathered 
in place. 

USE AND MANAGEMENT 


The soils of the Kohala family suited to cultivation are used for 
sugarcane and pineapple. Intensity and duration of sunlight in this 
vegetation zone are appreciably less than for other soils of the Low 
Humic Latosol group; consequently yields of both sugarcane and pine- 
apple are appreciably lower than on similar soils of most other families 
of the Low Humic Latosol group. 

Where irrigation water is available cane appears to have first 
priority, but if it is not available, the better soils of the Kohala family 
are used mostly for pineapple. Data on yields of pineapple on these 
soils are largely lacking, but judging from the appearance of the crop, 
these soils seem considerably less well adapted to pineapple than soils 
of the Lahaina, Wahiawa, or Kahana families. Those tracts not 
cultivated consist largely of the more sloping, stony, eroded, or isolated 
areas and include, in a number of instances, areas that have been 
abandoned for pineapple production. A variety of conditions have 
contributed to abandonment, but low yields appear to be a contribut- 
ing factor in at least part of the region. 

The soils are well adapted to grazing. They support a dense cover 
of perennial grasses, among which Bermuda is the most prominent. 
They are well suited to such introduced grasses as paspalums and 
kikuyu, or to the larger forage grasses such as Napiergrass and 
Guineagrass. On idle areas guava is a conspicuous shrub; lantana is 
o less prominent than in drier areas, as on soils of the Lahaina 
amily. 

In yaa condition the soils of the Kohala family are favorable 
for cultivation. They are predominantly fine-textured and are clays or 
heavy clays by mechanical analysis. The clays are relatively inert, 
however, so the soils have the characteristics of soils high in silt. All 
except those types with a firm or slightly compact subsoil absorb and 
hold water well after irrigation. Soils of the Kapoho family are consid- 
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TABLE 51.—Key, modal profile, and 


! 
Modal profile | 


Horizon Color (dry) 
Key Series Range in depth i 
Tet: to— Texture 
er xf 
sym- Name Munsell 
bol | Upper | Lower 
limit | limit 


_|- a —————— 


Inches | Inches 
Bite eecsees 6-12 | Dark red........ | 10R 2/3-3/4__) Silty clay..... 


-| 10R 3/6... 
-| 10R 3/6-4/ 


JOR 3/6-4/6 ... 
brown soft 


A. Red soils.........| Alaeloa_. 


B. Reddish-brown 
Soils: 

Fa | 6-12 | Dark reddish | 5YR 3/3-3/4. 

brown. 


Bi | 6-12 | 16-24 | Reddish brown.| 5YR 4/4-5/4_ 
Be | 16-94 | 42-60 l. do s oi os 2.5Y R 4/4-5/4 


1. Friable subsoil..| Nakalele 


C | 42-60 604-| Red, brown, and gray silty clay partly retaining 
D 60-P OCE Unweathered rock cores embedded in material 
at varying depths. 


; — 6-12 | Reddish brown.| 5Y R 3/3-8/4_] Silty clay. ...- 


2. Firm subsoil....| Kohala.. Bi 6-12 | 16-26 |.....d0........... SYR 4/-5/4. 
Bs | 16-20 | 42-60 |... dü e tous ccs 5Y R 4-5. 
oO 42-60 54+ 
D 544+]_-.----- Red, yellow, and brown weathered rock... | 
Log mr 6-i2 ! Solid basalt cores increasing in number and size 
Grayish brown..| I0YR....... Silty clay. .... 
4[2-5/2 
C. Brown soils. ..... Hama- B 6-12 | 24-36 | Brown----------- T5 YE... essai [; Cs esr 
kua- 4/4-5/4 
poko. 


Ci | 24-36 | 36-48 | Brown material like horizon B but including 
Ce | 33-48 42+) Gray and brown soft weathered rock retaining 
D 42+)...--... Solid rock cores, increasing in number with 


erably more deficient in potash than other soils of the Low Humic 
Latosol group but are generally better supplied with it than soils of the 
Humic Latosol group. Like other Low Humic Latosols, they have a 
high capacity to fix phosphorus in unavailable forms; and, although 
they are better supplied with organic matter than are other soils of 
the Low Humic Latosol group, they require fertilization with nitrogen 
if they are to produce good yields of cultivated crops. 

Suitability for use depends greatly upon slope, stoniness, depth to 
bedrock, and degree of erosion. These factors were used to differentiate 
phases within soil tvpes. Cane is produced on these soils on all of the 
islands on which they occur, but on most of them yields are appreciably 
lower than on soils that receive more sunlight. The soils of the 
Kohala family are grouped according to suitability for mechanized 
agriculture as shown in table 52. 

In physical conditions the soils are well suited to pineapple produc- 
tion. The slopes are gentle. Heavy machinery can be used without 
difficulty, and the problem of erosion is not serious. Although rainfall 
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environment of soil series of the Kohala family 


Modal profile—Continued | Environment 
i Annual Vego- 
Consistence Effervescence " 
Structure (moist) pH with H305 Island mur Elevation tation 
Inches Feet 
Well developed | Very friable____.| 5.5-6.5| Strong... P 
meginn granu- 
ar. | 
Weak fine blocky.) Fri: . 0-6. y Kauani...| 50-80 | 250-1,000 | Cı Di 
Moderate fine di . 0-6. "Maui...| 40-70 | 250-2, 000 | Ci 
blocky. Oshu.--| 40-80 | 100-1,000 | Ci 
rang origi ire. 
weathered material. ._...-.- 
Well developed | Friable..........| 5.5-6.5] Strong... c.i. | 
i granu- | i 
Weak fine blocky l -.do 
cl i 35-60 | 200- 750 | Ci 
Moderate medi- |... do... i 
g um blocky. | 45-60 50-1, 000 | Ci 
original rock structure. | 
of horizon C and increasing in numbers to bedrock, which is 
Well developed Friable.......... 5.5-6. 5 
medium gran- 
ular. 
NUR Sene do.....------[5.0-6.5 | None............ Hawaii.) 40-60 0-1, 500 | Ci. 
RES do. uuculsuo| Bites (BOBS: eruscdozis cree cs 
i | 
| 


with depth... 
Well developed 
medium gran- 


ular. 

Moderate I sol Ci ORRAT 5.0-6.5 | None... ........ | 
medium | Maui..... 40-60 | 500-1, 500 | Ci. 
blocky. | i 

soft Weathered rock kamati | 

originalstructure ... 

depth, within material like that 


is moderately high, mulch paper is used in pineapple production as a 
means of conserving water. The concentration of manganese dioxide 
is not so high as in other soils of the Low Humie Latosol group, but 
sprays of soluble iron salts are needed to correot iron deficiency. In 
addition, the soils require fertilization with nitrogen, phosphorus, and 
potassium. 

These soils have a high carrying capacity when used for grazing. 
Bermuda is the outstanding constituent of most grass associations on 
soils of this family. In some places rattail is prominent; it appears to 
indicate poorer and compacted soils. On the steeper slopes and eroded 
phases, pilipiliula, yellow foxtail, and ricegrass are prominent; these 
are poor forage but provide a good cover for controlling erosion. The 
most important grasses for introduction are the paspalums and kikuyu. 
Of the two, the paspalums are considered the more palatable and are 
less objectionable when used in developing one-grass pastures. Guava 
is the outstanding shrub. 


Taste 52.—Suitability and physical limitations of soils of the Kohala family for mechanized agriculture 


Sous WELL SUITED TO MECHANIZED AGRICULTURE 


I 
i i i i Manat Occur: f (Depth tolp... Y RUN 
Soil family and mapping units Slope Erosion eens hale ook Principal physical limitations 
Kohala family, gently sloping phases: Percent Inches u 
Alaeloa silty clay, gently sloping phase... ... 3- 8 | Slight.-_-___- Slight.......- 40--| Slope slightly restricting for 
irrigation. 
Nakalele silty clay, gently sloping phase- 3-10 |..... a EEE GOs un 40+ Do. 
Kohala silty clay, gently sloping phase. ____.__..___ 8-8 locs c "MT EM Occ 40+ Do. 
Borus MopzgRATELY WELL SUITED TO MECHANIZED AGRICULTURE 
Kohala family, sloping and eroded sloping phases: 
Alaeloa silty clay, sloping phase- ----------------- 5-15 | Moderate____- Slight.. 40+} Slope. 
Alaeloa silty clay, eroded sloping phase_.__________ 5-15 | Severe- ------l----- do... 30+ Do. 
Kohala silty clay, sloping phase_...__.___________. 5-15 | Moderate____-|_-_.- do... 404- Do. 
Hamakuapoko silty clay, sloping phase ----------- 5-15 |... (cle ees meen dds cosas. 40+ Do. 
Hamakuapoko silty clay, eroded sloping phase_____- 5-15 | Severe._.---_|----- docscssss 30+ Do. 
Sorts POORLY SUITED TO MECHANIZED AGRICULTURE MEN 
Kohala family, shallow and severely eroded rólling 
phases: 
Alaeloa silty clay, severely eroded rolling phase... 5-15 | Very severe__-| Moderate____- 20+ Me ex slope, eroded con- 
ition. 
Kohala silty clay, shallow phase... ou. 5-15 | Moderate_____)____- cli eer 12-80 | Slope and depth. 
Sorts Very POORLY SUITED OR Unsurrep TO MECHANIZED AGRICULTURE m 7 
Kohala family, moderately steep and steep phases: 
Alsea silty clay, severely eroded moderately steep 15-30 | Very severe...| Moderate..... 20+) Strong slope, eroded condi- 
phase. tion. 
Kohala family, steep phases_-___...___._.-______- 25-45 |... ON C— — do_.----. 12-+-| Very strong slope. 
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Soils well suited to mechanized agriculture.— This group includes 
gently sloping phases of soils of the Kohala family as listed in table 52. 
The soils are deep and well drained and are only slightly or moderately 
eroded. They occur on slopes that range from 3 to 10 percent; the 
greater part of the area is on slopes of less than 8 percent. A few (or 
no) loose stones are on the surface or within the plowed layer. The 
depth to bedrock is 40 inches or more in most places. The soils are 
fine-textured, but their clays are inert. They are therefore not easily 
puddled. They hold water well. The soils are deficient in nitrogen 
and phosphorus and are more deficient in potassium than soils in more 
arid regions. 

These soils are moderately well suited to production of sugarcane 
under irrigation. The gentle slopes make irrigation relatively simple, 
and there are few or no serious physical limitations to the use of heavy 
machinery. The slopes are great enough to require laying of irrigation 
mains on the contour, but are generally uniform. The pattern of the 
ditches is therefore not complex. 


Soils moderately well suited to mechanized agriculture.— The soils 
of this group are the sloping and eroded sloping phases for which slope 
alone is the principal factor limiting mechanized agriculture. Slopes 
cause considerable difficulty in distributing irrigation water and some 
difficulty in using heavy machinery for cultivation and harvesting. 
The eroded phases that are included are somewhat less well adapted to 
cultivation because they have lower water-holding capacity; but for the 
most part the limitations for cultivation are only moderate, and the 
soils are cropped in association with the gently sloping phases with 
which they occur. The same management practices are used, and 
yields are probably little lower than those on the gently sloping phases. 

All of these soils are cultivated with at least moderate success. 
When used for sugarcane under irrigation, the irrigation lines must be 
laid out on the contour, but the slopes are generally uniform. The 
patterns of irrigation systems therefore need not be mtricate. When 
these soils are used for pineapple, control of erosion is a serious prob- 
lem. All operations should be done on the contour and roadways 
should be laid out on terraces so that runoff can be controlled and both 
soil and water conserved. Intensive fertilization is required for both 
sugarcane and pineapple. Nitrogen, phosphorus, and potassium are 
needed. The requirements for phosphorus and potassium may vary 
somewhat among the soils. 


These soils are well adapted to grazing and support a dense, vigorous 
cover consisting of perennial grasses commonly dominated by Ber- 
muda. Of the introduced species, paspalums and kikuyu are the most 
important. All of these grasses form a sod dense enough to control 
weedy growth if grazing is properly managed. 


Soils poorly suited to mechanized agriculture Among the soils in 
this group physical conditions are considerably more limiting than in 
the first group. Alaeloa silty clay, severely eroded rolling phase, has 
been eroded so much that weathered rock material is turned up in 
plowing and the water-holding capacity is very seriously reduced. In 
addition, the soil has slopes so complex that irrigation systems laid 
out on the contour would be extremely intricate. 
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Kohala silty clay, shallow phase, has slopes no more limiting than 
those of soils in the first group but is normally shallow to bedrock. 
The depth ranges mainly from 12 to 30 inches, and in some places bed- 
rock outcrops. The limitations of slope are not so serious for this soil 
as for the other member of the group, but its water-holding capacity 
is relatively low and its moderate stoniness may be troublesome. 


Soils very poorly suited or unsuited to mechanized agriculture.—A 
combination of factors make the two, soils of this group very poorly 
suited or completely unsuited to the use of machinery. Both have 
slopes so steep as to seriously interfere with or completely prohibit use 
of the common types of machines used for pineapple or sugarcane. 
Slopes range from 15 to 45 percent. On both soils erosion has been 
very severe, and their water-holding capacity has been seriously re- 
duced. Both soils are moderately stony and shallow or only moder- 
ately deep to bedrock. 

Soils of this type were used for sugarcane when labor was done by 
hand, but as mechanization increased the acreage cultivated decreased. 
Few areas have continued under cultivation. 

These soils commonly occur in small areas intimately associated 
with less strongly sloping soils of the same series and are usually idle. 
The idle land is usually covered with shrubs such as guava, but in 
time it may become regrassed with Bermuda. The areas pastured 
commonly support a good stand of perennial grasses, of which Ber- 
muda is the most common, and provide a moderate amount of grazing. 
The productivity of the soils for grazing is limited by their relatively 
low water-holding capacity. This is particular evident in fall and sum- 
mer when rainfall is least. This limitation on productivity is less 
severe, however, than it is on soils in dry regions, such as those of the 
Lahaina and Molokai families. 


ALAELOA SERIES 


Alaeloa soils are red. They are derived from basalt or andesite 
lava that weathered in place. In most areas the lava is very deeply 
weathered. Solid bedrock normally occurs at depths of more than 
10 feet, but locally it may be only 5 feet from the surface. The soils 
occur at the upper limit of irrigated land used for cane and in some 
places at the point where caneland joins land used for pineapple. In 
general they are not so productive of either cane or pineapple as many 
other soils of the Low Humic Latosol group. They occur on the 
islands of Kauai, Maui, and Oahu at altitudes ranging from 100 to 
2,000 feet. Only a small part of the total area, chiefly on the island 
of Maui, occurs above 1,500 feet. Rainfall ranges from 40 to 80 
inches per year and is moderately well distributed. 

The Alaeloa soils occur mainly in vegetation zone C, but on the 
island of Kauai locally extend into vegetation zone D,. They are 
fine-textured but friable soils with well-developed granular A, horizons. 
They are moderately to strongly acid and effervesce with HO; in the 
upper one or two layers. 

Modal profile of the Alaeloa series: 

A: 0 to 9 inches, dark-red silty clay; well-developed medium granular 


structure; very friable when moist, nonplastic when wet; strong effer- 
vescence with H50»; pH 5.5 to 6.5; roots numerous. 
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Bı 9 to 20 inches, red silty clay; weak fine blocky structure; friable when 
moist, slightly sticky but nonplastie when wet; very weak or no efferves- 
cence with H202; pH 5.0 to 6.5; roots numerous. 

Bz, 20 to 40 inches, red silty clay; moderately developed medium or fine 
blocky structure, firm in place but friable to crush when moist; slightly 
sticky and plastic when wet; no effervescence with II0»; may contain 
black coatings in cleavage faces, but these rarely effervesce; pH 5.0 to 
6.5; roots present. 

B; 40 to 60 inches, red silty clay; moderately developed medium or fine 
blocky structure; firm in place but friable to crush when moist; slightly 
sticky and plastic when wet; no effervescence with H202; pH 5.0 to 
6.5; aggregates commonly larger and better developed than in Bz; few 
roots. 

C 60 to 80 inches, red, gray, and brown, soft, weathered rock retaining 
original rock structure and surrounding unweathered rock cores; grades 
to bedrock (D) at depths ranging from 5 to 20 feet or more. 

Data from the island of Maui indicate soils of this series are much 
less well supplied with available potassium than adjacent soils of the 
Kahana series. The Alaeola soils fix phosphorus in forms not avail- 
able to plants; and, though their organic-matter content is moderately 
high, they must be fertilized with nitrogen if cultivated. 


Alaeloa silty clay, gently sloping phase (3 to 8 percent slopes) 
(Ac).—This is the best soil of the Alaeloa series for cultivation. Tt 
occurs only on the island of Kauai and in most areas is essentially 
uneroded. It is deep, well drained, and fine textured but open and 

orous. Water is held well for plants. The soil is essentially free of 
oose surface stones, easy to work, easy to conserve, and moderately 
responsive to fertilization if adequate water is available. 

The soil profile is essentially that described for the Alaeloa series. 
The major variations occur in included small areas more gently slop- 
ing than normal for the phase or in slight depressions where wash 
from adjacent soils has accumulated. Jn these places the topmost 
layer may be as much as 18 or 20 inches thick and effervescence with 
H:O; is most pronounced. 

The soil is used for irrigated cane and for pineapple. It is subject 
to considerable cloudiness, which appears to limit yields of cane. 
In the pineapple-producing areas, this soil appeared to be marginal 
for pineapple production at the time of survey. Most of it was cul- 
tivated, but in some places a few fields had been abandoned. The 
pincapple crop did not appear particularly vigorous, but it could not be 
determined whether this was the result of management or a serious 
deficiency of the soil itself. 

The phase must be intensively fertilized with nitrogen, phosphorus, 
and potassium if good yields of pineapple or cane are to be obtained. 
In pineapple-producing areas it also requires sprays of soluble iron 
salts for control of iron deficiency. Pineapple is produced with mulch 
paper for conservation of moisture; the cane is irrigated. 

The phase is well adapted to use as pasture. Rainfall is adequate 
to support a vigorous closed stand of perennial grasses throughout 
the year. Bermudagrass is the common native species, but paspalums 
and kikuyu have been successfully introduced on similar soils in the 
same vegetation zone. Guava is the dominant shrub on idle land 
and it may encroach on poorly managed pastures. 


Alaeloa silty clay, sloping phase (5 to 15 percent slopes) (Ar).— 
This soil has slopes that cause some difficulty in the distribution of 
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irrigation water and in the use of machinery for cultivating and har- 
vesting cane. Nonetheless, it is moderately well suited to cropping. 
It is a deep red soil typical of the Alacloa series and is only slightly 
or moderately eroded. Few or no loose stones are on the surface. 
Slopes are generally uniform; cultural operations can be done on the 
contour without serious difficulty. 

Like other soils of the Alaeloa series, this phase is more deficient 
in potassium than soils in drier regions, fixes phosphorus quickly in 
forms not available to plants, and, in spite of a moderately high 
organie-matter content, requires fertilization with nitrogen for high 
yields. The soil profile is essentially that described for the Alaeloa 
series but it averages slightly less deep to weathered rock material 
than does the gently sloping phase. This is the most extensive phase 
of the type on the islands of Maui and Oahu. 

The principal inclusion consists of small areas of less strongly 
sloping land on which materials washed from the adjacent slopes have 
accumulated. In these places the surface layer may be as much as 
18 or 20 inches thick, and it commonly effervesces more violently 
with H,O, than does the corresponding layer on slopes normal for the 
phase. This included soil occurs on West-Maui mountain in the 
pineapple-producing area, and in the Kaneohe district on Oahu as 
small areas dominantly used for grazing. 

This soil receives a greater amount of rainfall more evenly distrib- 
uted throughout the year than soils of the Lahaina family but pine- 
apple production appears to be at a lower level. The plants are less 
vigorous, and the fruit is generally smaller than on the better pine- 
apple lands of the Islands. Mulch paper is used in growing pineapple, 
and sprays of soluble iron salts are applied for control of iron deficiency. 
Control of diseases seems to be a serious problem in these areas. 

The soil is well suited to grazing and supports a vigorous stand of 
perennial sod-forming grasses, of which Bermuda is the most promi- 
nent. Among the common introduced species are paspalums and 
kikuyu, which are excellent producers of forage in this vegetation 
zone, 

It will be noted that this phase occurs either on the windward sides 
of the Islands or only slightly to the leeward of the lower slopes of 
mountains. Its position contrasts with the location of most other 
series in the Low Humic Latosol group. Its locations are those 
giving better distribution of rainfall; consequently, forage growth is 
more even throughout the year than on soils of the Kahana, Lahaina, 
or Molokai families. Guava is the principal shrub throughout the 
extent of the soil. 


Alaeloa silty clay, eroded sloping phase (5 to 15 percent slopes) 
(Ar).—This phase occurs mainly in small areas associated with 
either the sloping or gently sloping phase of Alaeloa silty clay. 

The profile differs from that of the sloping phase in having lost all 
of the A, horizon and, in most places, most of the B;. In a few places 
erosion has removed all of the material to a depth of 2% to 3 feet. In 
the most seriously eroded areas soft weathered rock may be turned up 
in plowing. The plowed layer in most places consists of a reddish- 
brown B, or B horizon mixed with a moderate amount of organic 
matter. Hard rock cores usually lie below a depth of 2 feet. In the 
most seriously eroded areas the furrow slice consists of broken, weath- 
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ered rock fragments in a matrix of reddish-brown soil. This matrix 
contains a moderate amount of organic matter. In the seriously 
eroded places, rock cores may be within plow depth, but they usually 
are not numerous enough to interfere seriously with tillage. 

The soil is cropped in the same way as adjacent areas of the sloping 
or the gently sloping phase. The management of a pineapple planta- 
tion on Maui recognized that this phase is markedly inferior to the 
sloping phase in productivity, but data on yields and fertilizer needs 
were not available. 

This phase is at least moderately well suited to grazing. It will 
support a good stand of grasses—Bermudagrass, for example, or 
introduced species such as paspalums or kikuyu—that will effectively 
control erosion and produce appreciable forage. Rainfall is quite 
evenly distributed throughout the year. Although dry periods do 
oecur during which this eroded phase becomes too dry for efficient 
production, its carrying capacity generally is moderately high. 
Guava is the most prominent plant on idle areas of this phase, and a 
serious pest throughout most of the area. 


Alaeloa silty clay, severely eroded rolling phase (5 to 15 percent 
slopes) (Ax).—This very seriously eroded soil occurs on many small 
hills. Slopes are complex; they slope in different directions and are 
not uniform. The percentage of slope is therefore a much more serious 
handicap than it is on the long, uniform slopes ordinarily found in the 
Islands. 

The soil is very severely eroded. In most places essentially all of 
the solum has been lost. In those areas that are plowed the surface 
layer consists mainly of material of the B; or C, horizon. Weathered 
rock fragments, generally soft enough to be broken with the fingers, 
constitute a considerable part of the mass. Solid rock particles or 
rock cores are not common but may occur locally in numbers sufficient 
to interfere seriously with cultivation. In most places solid rock 
cores occur below depths of 15 to 20 inches. 

Where this soil occurs in cropped areas it is sometimes used in the 
same way as the adjacent land. When so used it produces yields 
definitely inferior to those obtained from uneroded Alaeloa silty clay, 
sloping phase. In fact, this severely eroded phase is marginal or 
submarginal for crops. Most areas that have been cultivated are 
now idle and covered with guava, weeds, or grasses. 

Although this soil can be cultivated, its best use probably is for 
pasture. It will support a good stand of the grasses normal to this 
vegetation zone and will produce fair yields of forage throughout the 
year. The most common native grass is Bermuda, which is moderately 
effective in covering the soil and controlling further erosion. Kikuyu 
probably is the most promising species for introduetion in pasture 
areas. It can be established readily from cuttings, and though it is 
not so nutritious or palatable as some of the other grasses, its aggres- 
siveness makes it particularly valuable for controlling erosion. 


Alaeloa silty elay, severely eroded moderately steep phase (15 to 
30 percent slopes) (An).— This phase was mapped only on the island 
of Kauai. Because of their limited extent and small size, areas of 
similar soil on West Maui were included with the eroded sloping phase 
of Alaeloa silty clay. This severely eroded moderately steep unit 
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consists of areas where the uppermost 3 to 3X feet of soil has been lost. 
The Bs horizon, and in many places the C, is exposed. This phase 
differs from the severely eroded rolling phase in occupying steeper 
slopes. Machinery can be used, but only with difficulty. Generally, 
slope and eroded condition prohibit use of the soil for machine-culti- 
vated crops. 

The soil profile usually has a 4- to 8-inch layer moderately high in 
organic matter—the original B; horizon (or G. horizon) mixed with 
organic matter—below which lies the C horizon. Soft, weathered 
rock that retains its original rock structure is prominent in the C. 
The above-described profile is dominant; it is the profile that occurs 
mainly on the convex slopes. On associated concave slopes where 
material washed from convex slopes has aceumulated to form a deeper 
profile, the profiles are similar to those of the normal uneroded Alaeloa 
soils but have a thicker A, horizon and a subsoil generally heavier 
textured than normal. All stages between these two conditions exist 
within the area. 

'This phase was at one time used mostly for pineapple but is now 
mainly in pasture. Bermudagrass is dominant in pastured areas, 
though pilipiliula, yellow foxtail, and ricegrass are also prominent. 
In some places Natal redtop occurs as a shortlived perennial. Of the 
species introduced in this vegetation zone, paspalums are generally the 
most important. On this soil, however, kikuyu may offer some advan- 
tages, as its aggressiveness favors rapid establishment and it forms a 
grass cover that effectively controls washing. Nevertheless, kikuyu 
is not so desirable for pasture as the paspalums. 

Annual weeds are considerably repressed by the sod grasses, but 
under improper management guava is troublesome. Periodic plow- 
ing, commonly practiced in this vegetation zone to offset the tendency 
of the most prominent species to form one-grass pastures, is of doubt- 
ful feasibility on this phase because its slopes are steep and erosion 
becomes a problem when it is plowed. The soil is less productive of 
pasture than the more gently sloping and uneroded phases of the type 
but it does produce a moderately large quantity of forage. Rainfall 
is well distributed throughout the year, which tends to offset the 
lowered water-holding capacity of this eroded soil. 


NAKALELE SERIES 


Mapped in the Nakalele series is a reddish-brown soil (Nakalele 
silty clay, gently sloping phase) that occurs on the uplands above 
Kahuku Point on Oahu and above Nakalele Point on West Maui. 
This soil occurs in a landscape outstanding for the extremely serious 
erosion undergone and the striking erosion forms remaining. A large 
part of the area is so severely eroded that it was not placed in the Naka- 
lele series but included with Rough broken land, a Lithosol on which 
little or no true soil occurs. In some places such severely eroded areas 
are associated in complex pattern with small areas of normal Naka- 
lele soil; these have been mapped as a Rough broken land—Nakalele 
silty clay complex (see p. 628). The rest of the area, those parts on 
which erosion has not been serious, has been mapped as a soil of the 
Nakalele series. 

The soil occurs only on the islands of Maui and Oahu. It receives 
35 to 60 inches of rainfall per year, occurs at altitudes ranging from 
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50 to 1,000 feet, and is entirely in vegetation zone C,. The soil is 
fine-textured but very friable. The A, horizon is well developed and 
strongly granular. The solum is moderately to strongly acid through- 
out; effervescence with H,O; is normally confined to the upper 18 
inches. 

Modal profile of Nakalele series: ? 

A: O to 9 inches, dark reddish-brown silty clay; well-developed medium 
granular structure; friable when moist and nonplastic but slightly sticky 
when wet; strong effervescence with H,0); pH 5.5 to 6.5; roots very 
numerous. 

B, 9 to 20 inches, reddish-brown silty clay; weak to moderate fine blocky 
structure; friable when moist and slightly sticky and plastic when wet; 
weak effervescence with H505; pH 5.0 to 6.5; roots numerous. 

Bə 20 to 50 inches, reddish-brown silty clay; moderately developed medium 
blocky structure; friable when moist and slightly sticky and plastic when 
wet; no effervescence with H20,; locally, black coatings occur on aggre- 
gates, but these commonly do not effervesce; pH 5.0 to 6.5; roots present. 

C 50 inches +, red, brown, and gray, silty clay partly retaining original 
rock structure and containing unweathered rock cores; grades to solid 
bedroek (D) at depths of 5 to 12 feet or more. 

Variation in climate is reflected by considerable variation in the soil. 
At the lowest elevations the upper layer is very strongly granular and 
distinctly reddish brown. Effervescence with H,O,——moderate to 
strong in the upper layers—decreases with depth but is generally 
apparent down to 3 or 3% feet. As elevation increases effervescence 
with H,O, becomes less violent and the soil becomes slightly grayish 
in the uppermost horizon. At the highest elevations effervescence 
with HO, is mild to moderate in the topmost 10 inches and the soil does 
not effervesce below that depth. In this region the uppermost layer 
has a definitely grayish tinge. Close inspection shows that this tinge 
is caused by tiny bluish-gray glistening crystals, which are character- 
istic of soils of the Humic Ferruginous Latosol group. At these 
highest altitudes, the soil is transitional to soils of the Naiwa family, 
which have striking concentrations of magnetite, ilmenite, and ana- 
tase in the surface layers. 

Within the upper half of the area occupied by this soil small depres- 
sions and concave slopes commonly contain some accumulation of 
material washed from adjacent convex-sloping land. The occur- 
rence of resistant minerals such as those found in soils of the Naiwa 
family is most apparent in these places. Throughout the region, the 
small flats or slight depressions commonly contain some accumulation 
of surface wash, which contributes to a deeper A, horizon than is nor- 
mal for Nakalele soil. In these places effervescence with H,O, is more 
violent than on the adjacent slopes. 


Nakalele silty clay, gently sloping phase (3 to 10 percent slopes) 
(Nm).—This soil is well suited to cultivation with heavy machinery 
and does not present a serious erosion problem. It is essentially 
stone free, deep, well drained, and fine textured but friable and porous. 
It holds water well and is only slightly or moderately eroded. The 
soil profile is that described in the discussion of the Nakalele series. 

The soil is used entirely for either pineapple or grazing. Informa- 
tion from the Baldwin Packers Plantation on Maui indicates that the 
soil has doubtful or low supplies of available phosphorus and a medium 
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to high content of available potassium. Although the soil is mod- 
erately high in total nitrogen, nitrogen fertilizer is required to main- 
tain production under continuous cropping. Like other soils of the 
Low Humic Latosol group, it is better supplied with available potas- 
sium and other bases than are soils that occur in wetter regions. 
Although the concentration of manganese dioxide is lower in this 
soil than in many soils of the Low Humic Latosol group, sprays of 
soluble iron salts are generally used for control of iron deficiency. 
The use of mulch paper for conservation of moisture is also the com- 
mon practice, though rainfall is moderately high for the areas most 
commonly used for pineapple. 

When used for grazing, a dense cover of perennial grasses provides 
a large amount of forage throughout the grazing season. The most 
prominent grass is Bermuda, but paspalums and kikuyu are well 
adapted. Near the wettest limit of this soil, rattail commonly is 
prominent. On idle land, guava and, to a lesser extent, lantana are 
important shrubs that may invade pastures. Plowing and reseeding 
have been used to eradicate them. Under proper grazing manage- 
ment, the perennial grasses well adapted to this vegetation zone form 
a dense sod that effectively competes with the common herbs and 
weeds. 

The areas included in this mapping unit are at least moderately 
large. The same kind of soil occurs as small areas in the unit mapped 
as Rough Broken Land-Nakalele silty clay complex. 


KOHALA SERIES 


The reddish-brown Kohala soils are the ones on which most of the 
sugarcane acreage of Kohala, Hawaii, is located. They oceur at 
elevations ranging from sea level to 1,500 feet and under an annual 
precipitation, of 40 to 60 inches. They are entirely within vegetation 
zone C,. The soils are fine textured but very friable to a depth of 
20 inches. Below that depth there is generally a more compact 
horizon that is firm in place but is friable when moist. The soils are 
slightly to strongly acid and effervesce moderately with HO, in the 
surface layer. - . 

Modal profile of the Kohala series: 

A; 0 to 9 inches, dark reddish-brown silty clay; well developed medium 
granular structure; friable when moist and slightly sticky but nonplastic 
when wet; moderate effervescence with H202; pH. 5.5 to 6.5; roots very 
numerous. 

Bi 9 to 20 inches, reddish-brown silty clay; weak fine blocky structure; 
friable when moist and slightly sticky but nonplastic when wet; no 
effervescence with H202; pH 5.0 to 6.5; roots numerous. 

By, 20 to 50 inches, reddish-brown silty clay; weak to moderate fine blocky 
structure; somewhat firm in place but friable and easily crushed when 
moist; slightly sticky and plastic when wet; no effervescence with H202; 
pH 5.0 to 6.5; roots present. 

C 50 inches +, red, yellow, and brown soft weathered rock retaining 
original rock structure and surrounding unweaihered rock cores; gr: des 
to unweathered bedrock at depths ranging from 414 to 12 feet or more. 

The properties of the series vary with increase in elevation. Where 
elevations and rainfall are lowest, the soils are reddest and have the 
least well defined A; horizon. Generally, effervescence with H,O; is 
&lso most pronounced in the driest part of the region these soils 
occupy. With increasing elevation, the surface soil becomes browner 
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and more strikingly granular. In the regions of lowest rainfall, the 
entire solum generally is near pH 6.5 or sometimes slightly above. 
With increasing elevation, the soils become more acid. The subsoil 
commonly is below pH 5.5 at the wettest limit of the region occupied. 
The Kohala soils are considered fertile by men on the plantation 
occupying them, but rapid chemical tests indicate an inverse relation 
between fertility and rainfall. In the driest areas, the soils are con- 
sidered moderately high in total phosphate, but availability decreases 
from regions of lower to higher rainfall. In the drier and lower parts, 
available potash is generally medium to high, and it decreases to low 
&t the upper limit of the series. 


Kohala silty clay, gently sloping phase (3 to 8 percent slopes) 
(Kxr).—The small areas of this soil occur in intimate association 
with the sloping phase. Generally they are in small depressions or 
at the foot of steeper slopes where material washed from the adjacent 
soils collects. The dark surface layer in these depressions commonly 
is 20 inches or more thick. 

Plantation managers recognize that sufficient plant nutrients 
accumulate on this soil from surrounding areas to produce a crop 
without fertilization. Generally, however, the areas are so small 
that no distinction in fertilizer practice is made. In the places where 
materials have accumulated, effervescence with H:O, is commonly 
more violent than in other areas. Otherwise, the soil profile is similar 
to that described for the Kohala series. 

The soil is used both for sugarcane and pasture. At lower eleva- 
tions cane is produced under irrigation. Yields are probably similar 
to those obtained on the sloping phase. At higher elevations cane is 
grown without irrigation, and yields vary greatly with differences in 
rainfall. Because runoff is less, the yields on this phase are probably 
somewhat higher than those on other Kohala soils, In many places 
runoff from adjacent areas accumulates on this and other phases of 
Kohala silty clay, and as a result the periods of deficient moisture 
are less frequent and shorter than on most other soils of the area. 


The Kohala Homesteads are partly located on this soil. Some of 
the homesteaders grow cane for sale to the plantations. Other crops 
are vegetables, fruits, and nuts. Good success was reported with 
field corn, which is sold locally, and with Irish potatoes, sweetpotatoes, 
and carrots, which are grown for market. One successful commerical 
orchard of macadamia nuts indicates that plantings could be expanded 
on these soils. Old varieties of mango appear to do well and indicate 
that improved varieties might be well adapted. Experience in other 
areas, however, indicates that manganese toxicity is more likely to 
be a factor on this gently sloping phase than on other phases of the 
type. Macadamia nuts are especially sensitive to manganese toxicity, 
and this should be investigated before extensive plantings are made. 

Where the soil is used for pasture, Bermudagrass is dominant and 
affords good grazing most of the year. Species adapted for pasture 
include paspalums and kikuyu. The larger forage grasses, such as 
Napiergrass and Guineagrass are also well adapted. In idle areas, 
guava is an outstanding shrub and may become a serious pest. 


Kohala silty clay, sloping phase (5 to 15 percent slopes) (KxT).— 
This is the most extensive soil of the area and the most typical of 
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the Kohala series. Slope causes some difficulty in cultivation but 
does not seriously limit the use of machinery. Most slopes are 
relatively uniform. This phase occurs in large areas and its charac- 
teristics dominate in determining land use in most tracts occupied 
by soils of the Kohala series. 

The profile is essentially that described for the Kohala series. 
Locally the soil may be moderately eroded, and in a few places the 
B, horizon has been exposed. For the most part, however, erosion 
is not serious. ‘The exceptionally good cover afforded by sugarcane 
and grasses, the two main crops on this phase, have effectively con- 
trolled runoff and erosion. 

Within the limits of the Kohala Plantation, this phase is used 
principally for cane. At the lower elevations, the cane is irrigated. 
At higher elevations the cane is produced without irrigation and 
yields fluctuate in accordance with the rainfall. 

This phase is high in total phosphorus and potassium, but avail- 
ability of these decreases with increase in elevation and rainfall In 
the drier and lower laying parts, available supplies of potassium are 
generally medium to high but they decrease to low at the higher 
elevations. Availability of phosphorus is everywhere limited. In 
spite of the moderately high total nitrogen content, nitrogen fertilizers 
are required for good production under the system of continuous 
cropping practiced. On the Kohala Homesteads good yields of field 
corn, Irish potatoes, sweetpotatoes, carrots, and daikon have been 
reported. One successful commerical macadamia-nut orchard indi- 
cates the possibility of expanding that crop. Old varieties of mangoes 
have done well and indicate that improved varieties might be well 
adapted. 

Where the soil is used for pasture, it produces excellent forage 
most of the season. Bermuda is the dominant grass in most parts 
of the area. Rattail is becoming prominent near the upper altitude 
limit of the soil. Paspalums are among the more important introduced 
grasses. Kikuyu is well adapted but is generally discriminated 
against because of its lower palatability and its extreme aggressive- 
ness. In idle areas guava is a serious pest. 


Kohala silty clay, shallow phase (5 to 15 percent slopes) (Kxs).— 
This phase usually has large numbers of solid rock cores between 
depths of 12 and 30 inches, and stone fragments and unweathered 
rock cores are common on the surface. The rock cores and fragments 
interfere with but do not prohibit mechanized agriculture. They are 
particularly troublesome in harvesting cane. This phase usually 
occurs on complex slopes and is subject to considerable erosion. 

This soil is used and generally associated with Kohala silty clay, 
sloping phase. Areas of it used for cane yield not materially less than 
is normal for Kohala silty clay, sloping phase, but it costs considerably 
more to plow and cultivate. The shallowness of the soil affects yields 
more in the unirrigated than in the irrigated sections. In unirrigated 
places the limited water-holding capacity of the soil may result in 
longer periods when moisture is limiting than is normal for the asso- 
ciated soils. 

This soil is well adapted to pasture and supports an excellent stand 
of Bermudagrass or of such introduced species as paspalums or 
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kikuyu. This soil probably produces somewhat less than the sloping 
phase because it is shallower and consequently has a lower water- 
holding capacity. Guava may form dense thickets, and is a serious 
pest in many localities. 

HAMAKUAPOKO SERIES 


The Hamakuapoko are brown soils that occur on Maui above 
Hamakuapoko at altitudes ranging from 500 to 1,500 feet. They 
occur where rainfall is 40 to 60 inches a year, and are entirely in 
vegetation zone C,. They are fine-textured soils, but very friable to a 
depth of 24 inches. Below that depth is the C horizon, which is 
firm and, in some areas, quite compact in place, but friable and 
easily crushed when moist. The soils are slightly to strongly acid and 
effervesce with H:O; only in the surface layer. 

Modal profile of the Hamakuapoko series: 

Ai Oto 9 inches, grayish brown silty clay of well-developed medium granular 
structure; friable when moist but slightly sticky and plastic when wet; 
weak to moderate effervescence with H»O»; pH 5.5 to 6.5; roots very 
numerous. 

B 9 to 30 inches, brown silty clay; moderately developed medium blocky 
structure; friable when moist and slightly sticky and plastic when wet; 
no effervescence with Ho0s; pH 5.0 to 6.5; roots numerous. 

C, 30 to 42 inches, brown silty clay; firm in place but friable to crush when 
dry; contains weathered rock fragments that retain original structure; 
no effervescenee with H02; pH 5.0 to 6.5; few or no roots. 

C» 42inehes +, similar to C, but dominated by soft weathered rock retaining 
original structure and including unweathered rock cores; grades to 
bedrock at depths ranging from 414 to 8 feet or more. 

At the lowest elevations, the soils of this series are reddest and have 
the most friable substratum. Here, they grade to the Paia soils, and 
effervescence with HO; is the most violent. At the upper limits of 
the series, the soils have a more strongly developed grayish-brown A, 
horizon and in some places may show a slight accumulation of heavy 
minerals in the upper horizons. In these higher places the soils are 
transitional to those of the Haiku series. Wherever these soils occur, 
one of their outstanding characteristies is à very firm substratum, 
generally at a depth below 2 feet, in which weathered rock fragments 
oecur. When these soils erode, sheet erosion removes soil down to 
that firm substratum. Upon reaching it, there is relatively little 
cutting. In some places rapidly flowing irrigation waters have been 
observed that do not cut appreciably into the layer, even though they 
are flowing on steep gradients. 

Although yield data were not available to confirm the observation, 
pineapple does not appear to be so well adapted to these soils as those 
of the Haliimaile or Keahua series, which occur in slightly drier areas. 
Supplies of potassium would be expected to be relatively high at the 
lower elevations and to decrease with an increase in rainfall, The 

availability of al aa e would be expected to be relatively low. 
In spite of the moderately high total nitrogen content, the soils should 
require fertilization with nitrogen for continuous cropping. 


Hamakuapoko silty clay, sloping phase (5 to 15 percent slopes) 
(Hs).--This is the most extensive phase of Hamakuapoko silty clay, 
and the one on which most of the pineapple of the area is produced. 
The profile is essentially that described for the Hamakuapoko series. 
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Included are small areas with more gentle slopes, mostly slightly 
concave, where materials washed from adjacent soils have accumulated 
&nd produced a soil with an A, horizon ranging from 12 to 20 inches in 
thickness. In these areas of accumulation, effervescence with H:O; 
was most violent. 

The soil is used for pineapple and pasture. In the pineapple- 
producing areas, mulch paper is used to conserve water, and soluble 
iron sprays to control iron deficiency. The pineapple on this soil did 
not appear thrifty during the time of survey, but data on crop yields 
and management practices were not available. The soil is subject to 
erosion when cropped to pineapple. To control runoff, all operations 
should be done on the contour and roadways should be laid out on 
terraces. 

The soil provides good pasture. The principal native species is 
Bermudagrass, which forms a dense cover and provides moderately 
large amounts of feed almost all the year. Production is greatest on 
the gently sloping areas or slightly concave slopes previously described. 
Paspalums and kikuyu are well adapted for introduction. Guava 
and, in a few places, lantana are serious pests. They probably can 
be eradicated by clearing, plowing, and reseeding. 


Hamakuapoko silty clay, eroded sloping phase (5 to 15 percent 
slopes) (Hr).—-This phase occurs mainly as small areas intimately 
associated with areas of the sloping phase. It is used exactly as the 
sloping phase, but pineapple crops and pasture appear definitely 
inferior. In most places this eroded phase has lost all of the A; 
horizon and the greater part of the B horizon, and in many places soft 
weathered rock material that retains the original rock structure is 
turned up in plowing. A horizon moderately high in organic matter 
has developed in this material in most places. 

The soil is moderately well suited to grazing, though its reduced 
water-holding capacity may limit growth of forage during prolonged 
dry periods. The most common native grass is Bermuda, but kikuyu 
is especially well adapted for introduction because it is aggressive and 
able to form a dense sod quickly. Kikuyu therefore may be more 
desirable than paspalums, though it forms a one-grass pasture and is 
less palatable. Guava, the most prominent shrub, is a serious pest 
in places. Lantana is not so important as in drier areas. 


UNDIFFERENTIATED UNITS 


Where some characteristic, such as very steep slope, is common to a 
number of different soil types of several series in the same soil family, 
and overshadows all other characteristics of the soil for agricultural 
use, all of the units have been grouped together, regardless of the 
series. This was done for the steep phases of soils of the Kohala 
family. 

Kohala family, steep phases (25 to 45 percent slopes) (Kxq).—The 
unit consists of the steep phases of soils of the Kohala series on the 
island of Hawaii and the steep phases of soils of the Alacloa series 
on the island of Oahu. Because of the steep slope, these soils are 
commonly shallower than normal for the respective series to which 
they belong and are generally more or less eroded. 
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On the island of Hawaii, they are reddish-brown soils similar to 
those of the Kohala series; on the island of Oahu they are red soils 
similar to those of the Alaeloa series. In both places they are derived 
from the weathering of rock in place. They have a dark-brown to 
dark reddish-brown or dark-red granular silty clay A, horizon over a 
red or reddish-brown friable to moderately firm weakly or moderately 
blocky B horizon. The B horizon grades to weathered basalt bedrock, 
which retains the original rock structure at a depth generally below 
18 or 20 inches. This rock material grades to solid bedrock at depths 
between 2 and 4 feet and commonly contains large numbers of solid 
unweathered rock cores. In most places the soils are slightly stony, 
and parts of the area on Oahu have large numbers of loose stones 
on the surface. In all places the soils are steep, and many places are 
eroded down to the weathered bedrock. 

On the island of Hawaii these soils occur principally as small areas 
in association with the Kohala soils. Some areas were once cultivated 
with the normal Kohala soils but most of them are nowidle and covered 
with guava and some grasses. On the island of Oahu, little or none 
of the area was ever cultivated, and most of it is in pasture or in 
forest. On Oahu, the soils occur as extensive areas, principally on 
slopes and ridges that extend out from the Koolau Range into the 
Kaneohe district. This area of the unit is either pastured or left idle. 

The soils of this unit are definitely unsuited to cultivation with 
machinery and are extremely difficult to cultivate with hand labor. 
Much of the acreage is now covered with guava growing in association 
with Bermudagrass. Eradication of guava is extremely difficult on 
slopes as steep as these. 

If these steep soils are used for pasture, their carrying capacity 
will be moderate to low. Bermudagrass is well adapted, and pas- 
palums, kikuyu, or like introduced species are used throughout similar 
climatic zones. Kikuyu is probably the best introduced species 
because it is aggressive and competes successfully with the shrubs 
and weeds common to the area. 

The steep slopes cause greater runoff and contribute to loss of water 
and to erosion. These soils therefore dry out sooner and remain dry 
longer than those on more gentle slopes. Nevertheless, areas of these 
steep soils on the windward side of the islands have a somewhat better 
year-round distribution of rainfall than most soils of the Low Humic 
Latosol group. Their steepness is therefore not so important from the 
standpoint of conserving water as it is in areas with less favorable 
distribution of rainfall. 


SOILS OF THE WAJALUA FAMILY 


The relationships of the Waialua family to other soil families in the 
Low Humic Latosol group are shown in table 17. In the Waialua 
family are brown or reddish-brown soils that are uniformly fine tex- 
tured throughout their profile. Unlike most other soils of the Low 
Humic Latosol group, their clays are definitely plastic and sticky, and 
the Waialua family may be considered transitional to soils of the Gray 
Hydromorphic group. Nevertheless, the distinct mottling in the Gray 
Hydromorphie group is lacking in soils of the Waialua family. 

Although substantiating data are not available, it is probable that 
soils of the Waialua family are somewhat higher in exchangeable 
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magnesium than other soils of the Low Humic Latosol group. Chemi- 
cal analyses have established that soils of the Gray Hydromorphic 
group have relatively large amounts of exchangeable magnesium in 
comparison with the normal soils of the region. Moderate stickiness 
and plasticity of the soils in the Waialua family indicate that they are 
transitional to soils of the Gray Hydromorphie group. The Waialua 
family is differentiated from the Waimanalo family on the basis of a 
less well developed crumb-structured A, horizon. The Waimanalo 
family, somewhat similar but having a more highly developed and 
granular A, horizon, occurs in regions of higher rainfall. 

Soils of the Waialua family show strong to violent effervescence 
with H,O, in the A,, and moderate effervescence in the B horizon. 
The pH values range mainly from 6.0 to 7.0. The textures have been 
classified as silty clays, through these soils are more sticky and plastic 
than others in the Low Ifumie Latosol group that have been called 
silty clays. They would be clay or heavy clay by mechanical analyses. 

Distribution of rainfall for the Waialua family is similar to that for 
the Lahaina family. For 3 to 6 months of the year, rainfall is less than 
2 inches per month, and for 6 to 10 months of the year, less than 3 
inches per month. Only a few localities have rainfall averaging more 
than 5 inches for any month of the year. The soils are therefore sub- 
ject to relatively long droughts, and the grasses that grow on them are 
mainly annuals. The shrubs, however, are more numerous and vigor- 
ous than on soils of the Molokai family, and the annual grasses are 
longer lived. 

At the lower elevations algaroba is prominent, and lantana makes 
its most vigorous growth on soils of this vegetative zone. Koahaole 
is well adapted and forms dense thickets, especially on soils of the 
Waialua series. Among the smaller shrubs are ihma, uhaloa, and 
Japanese-tea. In lower Lying areas piligrass is particularly prominent, 
and in the higher, Bermudagrass and Natal redtop may form a peren- 


TABLE 53.—Key, modal profile, and 


Modal profile 
i 
i 
| Horizon Color (dry) 
Key Series Range in depth 
Let to— Texture 
| ter | Name Munsell 
sym- 
bol | Upper | Lower 
limit | limit 
Inches | Inches 
Ade E 5-10 | Dark grayish 10Y R 3/2- Silty day..... 
A. Derived from rown. 4[2. 
general alluvi- B 5-10 | 18-36 | Dark reddish 2.5YR 8/2- |..... DOveccnscad 
um or marine’ Waialua. brown. 8/6. 
sediments on "l Ba | 18-36 | 42-66 |----- BO EPNER 25YR3/2 |... d0. s 
terraces or the or 3/6. 
coastal plain. Ci 
Cs 42-66 |........ | Fine-textured gray alluvium___!__.-.--.----...- 
Bop Weeseuce 6-12 | Brown.......... TAY Re 4j4- | Clay.......... 
B. Derived from I} Be 6-12 | 18-24| Reddish brown.! 5Y R 4/4-5/5- ----- do icis 
local alluvium |;Palawai.| Bs 18-24 | 36-48 |..... [C MS | SYR 4/4-5/4-|----- dox. esu 
in basins, j a | 
X 
C 36-48 |... ..- Fine-textured alluvium from adjacent lands 
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nial cover. The species are almost entirely exotic, and the association 
varies greatly from place to place, depending upon the conditions of 
grazing and the availability of seed. 

The relationships among soil series of the Waialua family are shown 
in table 53. Soils of both the Waialua and Palawai series are derived 
from alluvium. The Waialua soils are from general alluvium, possibly 
partly influenced by marine sediments, and occur on low-lying terraces 
or coastal plains where surface drainage is good. Soils of the Palawai 
series are derived from local alluvium and occur in upland basins where 
surface drainage is moderate to slow. In the lowest places Palawai 
soil may be ponded during wet weather and show some mottling in the 
deep substratum. Internal drainage is relatively good in soils of both 
series but is not so good as in most other soils of the Low Humic 
Latosol group. 

USE AND MANAGEMENT 


Soils of the Waialua family occur where the duration and intensity 
of sunlight is high, but generally not quite so high as in the climatic 
zone of Molokai soils. Sunlight is similar to or higher than that in 
the climatic zone of the Lahaina soils, and areas adapted to cane 
therefore produce good yields of cane that has a high sucrose content. 

The physical condition of soils in the Waialua family make them 
less suitable for irrigation than the more friable soils derived from 
rock in place. Nevertheless, the differences are not so great as to be a 
serious handicap. 

The soils tend to be somewhat sticky. They absorb water some- 
what more slowly than the more friable soils of the uplands but hold 
it well after irrigation. Like other soils of the Low Humic Latosol 
group, they have a high capacity for fixing phosphorus in unavailable 
forms and are deficient in nitrogen. Good yields can be obtained 


environment of soil series of the Waialau family 


Modal profile--Continued Environment 
Struct Consistence H Bffervescence | rang |Annusl Elevation Yero 
cucvure (moist) P. with 11205 rainfall zone 
li 
Inches Feet 
Moderate medi- | Friable.......... | 6,0-7.0-+4+) Strong. ...---- 
um crumb. i 
ee e ugs 0 — | 6. 0-7.0+; Moderate... 
ocky. = 
Ln edges. crest s dou Mors 7.0 | None- Oahu...| 20-40 10- 200 | B, A. 
Lanai.._| 20-80 |1,000-1,200 | B. 
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only with intensive fertilization. Future analysis may show a 
relatively high content of exchangeable magnesium in these soils. A 
high content of magnesium might interfere somewhat with potassium 
nutrition, as has been found for some other soils investigated. If this 
condition occurs within the Waialua family, it may not occur uni- 
formly throughout the area occupied. Generally, these soils are 
high in total potassium. 

Moisture is a principal limiting factor in places where irrigation 
water is not available, and these areas are used either for pineapple or 
grazing. On Lanai mulch paper is used to conserve water for pine- 
apple crops, even though the soil in that area lies in depressions where 
moisture accumulates durmg rains. The area on Lanai is not con- 
sidered among the best for pineapple. 

The soils of this family produce more pasture than most soils of the 
Lahaina family but are less productive than the majority of the soils 
of the Kahana family. They occur where rainfall from slopes above 
accumulates, and have relatively great capacity for storing water 
against long dry periods. In spite of this, vegetation may be dormant 
for long periods during the dry summer, and the grasses common in 
the area are usually annuals. Algaroba, important for its fruit, 
grows on the Waialua soils but not on the Palawai, Koahaole is a 
productive shrub in pastures on soils of the Waialua series. Lantana, 
the principal shrub, m some places makes such dense growth it almost 
excludes other species. 

Suitability for use depends somewhat upon slope and stoniness. 
Waialua silty clay and Palawai clay, both adapted to machine culti- 
vation, occur on slopes of less than 3 percent and are essentially non- 
stony. Moderate stickiness and plasticity is a moderate handicap 
to plowing on the Waialua soils, but Waialua silty clay must be 
considered one of the best soils of the Hawaiian Islands for the use of 
heavy machinery. Palawai clay is somewhat less well adapted, due 
to even greater stickiness and plasticity, but also must be included 
among the better soils adapted to mechanized agriculture. 

The third unit of the family, Waialua stony silty clay, has stronger 
slopes (2 to 15 percent) than the other two and moderate or severe 
stoniness severely limits the use of machinery. Stoniness essentially 
prohibits use of machinery in some.places and is very serious handicap 
in all areas, especially for such operations as cane harvesting. The soil 
is deep, however, and is moderately well suited to the use of machinery 
when cleared of stones. No soils in this family are absolutely un- 
suited to mechanized agriculture. 


WAIALUA SERIES 


In the Waialua series are reddish-brown moderately sticky and 
plastic soils derived from alluvium. They occur in the lowlands of 
Oahu, where they extend from Kahuku Point through Waialua almost 
to Kaena Point. Less extensive areas occur west of the Waianae 
Range in the Makaha Valley. Elevations range from 10 to 200 feet, 
and rainfall varies from 20 to 40 inches per year. The soils are mainly 
in vegetation zone B, but locally—principally in that area west of the 
Waianae Range—extend slightly into vegetation zone A, 

The soils are fine-textured and moderately plastic and sticky. They 
have moderately well developed crumb-structured A, horizons. They 
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are nearly neutral in reaction, though they occasionally contain flecks 

of coral sand that effervesce with hydrochloric acid. They effervesce 

moderately to violently with H,O, in the upper part of the profile, 

and in many places they have pyrolusite concretions in the subsoil. 
Modal profile of the Waialua series: 


A Oto 7 inches, dark grayish-brown silty clay of moderate medium crumb 
structure; friable when moist, and moderately sticky and plastic when 
wet; strong effervescence with H03; pH 6.0 to 7.0+; roots very num- 
erous. 

B 7 to 27 inches, dark reddish-brown silty clay; weak to moderate medium 
blocky structure; friable when moist, firm when dry, and moderately 
sticky and plastic when wet; effervescence with HgO, moderate to strong; 
commonly has black coatings on cleavage faces that effervesce, and may 
have small pyrolusite concretions; pH 6.0 to 7.0-+; roots numerous. 

Bor Cy 27 to 54 inches, dark reddish-brown silty clay similar to the horizon 
above but lacking in effervescence with H50»; pH mainly 7.0 or above; 
few roots are in this layer. 

C, 54 inehes+-, fine-textured, poorly assorted alluvium, which is gray, 
brown, or reddish-brown; commonly contains a few pieces of gravel at 
some depth; locally cemented with hematite or limonite. 

The Waialua series is transitional from the red, friable soils of the 
Waikapu family to the gray or brown, sticky and plastic soils of the 
Honouliuli family of the Gray Hydromorphic group. They are 
derived from deep alluvium. They occur mainly on materials classi- 
fied as younger alluvium. (5). Locally the material may be slightly 
older, as is indicated by slight cementation with hematite or limonite. 


Waialua silty clay (0 to 3 percent slopes) (Wr).—This is a very 
good soil for irrigated sugarcane. It is deep and at least moderately 
well drained, but fine textured and moderately sticky and plastic. 
Tt may puddle when wet, but not enough to.detract materially from 
its value as cropland. The soil does not dry into the hard, intractable 
clods characteristic of soils in the Dark Magnesium Clays group. It 
is essentially free from stone in most places, holds irrigation water 
well, and responds to fertilization if enough water is supplied. 

From place to place the profile varies somewhat from that described 
for the Waialua series. There is considerable range in physical 
properties, particularly in stickiness and plasticity of the clays. The 
best areas, generally those at the highest elevations, approach the 
extreme friability of the Waikapu soils. The areas at lowest eleva- 
tions are commonly the most sticky and plastic. The range in color 
is also rather wide. In some places the soils approach the brown of 
the Honouliuli soils, and in others the reds of the Waikapu series. 
Some areas in the coastal plain near Waialua have a considerably 
darker surface soil than is normal for the series. West of the Waianae 
Range are several included areas in which coral sand is mixed with 
the clays throughout the upper part of the solum. Specks of coral 
ae are common throughout most of the lower lying areas of this 
soil. 

Most of this soil is used for irrigated sugarcane. It is nearly level, 
and distribution of water is simple. In most places the soil absorbs 
water at least moderately well and holds it for considerable time after 
irrigation. In the few areas that are idle, lantana is a very serious 
pest. In many places it forms a dense cover that almost excludes 
other plants. In pastures the usual annual grasses of the dry regions 
are predominant. They produce considerable forage in the wetter 
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parts of the year, but growth is drastically restricted during the dry 
summer and fall. In this vegetation zone, algaroba is important for 
its fruit, and dense thickets of koahaole growing to heights of 15 or 20 
feet provide considerable forage. 


Waialua stony silty clay (2 to 15 percent slopes) (Wa).—This stony 
soil occurs on the lower parts of the talus slopes lying between the 
upland and Waialua silty clay at lower elevations. In many places 
the upper parts of those slopes are occupied by soils of the Dark 
Magnesium Clays group., The soil may be influenced to some extent 
by high content of exchangeable magnesium. Stones seriously handi- 
cap cultivation and in places may prohibit the use of machinery, but 
the soil is deep and is at least moderately well suited to machine 
cultivation after the rocks are removed. The stones appear to have 
come from the uplands. Generally, stoniness increases as one goes 
up the slope. 

The soil profile is about as described for the Waialua series. The 
variations included are generally similar to those described for Waialua 
silty clay, except that few or no areas have appreciable amounts of 
coral sand intermixed. ‘Textures are somewhat variable, as they are 
in the silty clay, and colors range from brown to red. 

In most places except those west of the Waianae Range, areas of 
this soil on the island of Oahu are intimately associated with Waialua 
silty clay. Where the nearly level nonstony soils occur below it, this 
stony soil and the associated more desirable soils are used mainly for 
irrigated sugarcane. In these places the surface stones have been 
removed and piled in the fields, leaving a soil moderately well suited 
to machine cultivation. Slopes interfere with the use of machinery 
and with distribution of water, but not so seriously as to preclude 
use for sugarcane. Yields probably are comparable with those 
obtained on Waialua silty clay, and the management practices are 
apparently the same for both soils. 

A much larger proportion of this soil than of Waialua silty clay is 
idle or is used for pasture; this is especially true in those regions between 
Haleiwa and Kahuku Point. Idle areas of this soil are almost 
invariably covered with a dense stand of lantana associated with a 
thin stand of the grasses and small shrubs such as klu and ilima. 
Lantana also infests pastures and is rather difficult to eradicate. 
Eradication is best done by machinery, but this may be difficult 
because of stoniness. The grasses are those of the dryland regions, 
mainly annuals that grow best during the winter and spring but pro- 
duce little forage for long periods during summer and fall. Koahaole 
is well adapted to the soil and valuable as forage in this vegetation 
zone. In some places it forms dense stands that grow more than 15 
feet high. 


PALAWAI SERIES 


The Palawai series, represented by one mapping unit, occurs in the 
central part of the Palawai Basin on the island of Lanai. It occurs 
at elevations of 1,000 to 1,200 feet under an annual rainfall of 20 to 
30 inches. It is entirely within vegetation zone B. During heavy 
rainfall, water accumulates in the basin this soil occupies and escapes 
only through the soil. As a result, a moderately sticky and plastic, 
weakly hydromorphic clayey soil has developed. 
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It was questionable whether this soil should be placed in the 
Waialua family of the Low Humic Latosol group or in the Honouliuli 
family of the Gray Hydromorphic group. In the lowest parts of the 
basin, the soil definitely belongs with the Gray Hydromorphie soils, 
but most of its area is transitional between the well-drained, friable, 
red soils of the Lahaina series and the hydromorphic soils in the center 
of the basin. It was not feasible to make a separation of two series 
within this small area. 

Modal profile of the Palawai series: '° 

Aj 0 to 9 inches, brown clay; weak medium crumb structure; friable when 
moist, moderately sticky and plastie when wet; strong effervescence 
with H50s; pH 6.0 to 7.0 +; roots very numerous. 

B, 9 to 21 inches, reddish-brown or brown clay; weak medium blocky 
structure; firm to friable when moist, moderately to strongly sticky and 
plastic when wet; puddles easily; moderate effervescence with H202; pH 
6.0 to 7.0; roots decrease rapidly with depth. 

B; or C; 21 to 42 inches, reddish-brown or brown clay; weak medium 
blocky structure; firm when moist but sticky and plastic when wet; may 
be mottled with rusty brown in the lower part; no effervescence with 
H0»; pH 6.0 to 7.0 +. 

C 42inches +, fine-textured alluvium poorly assorted and highly weathered, 
generally gray or brown in color and locally mottled with rusty brown 
in the upper part. 

Variations of the profile result principally from differences in drain- 
age, which changes as one moves from the outer margin of the area 
to the center of the basin. Parts of the soil adjacent to the Lahaina 
soils have a definite reddish cast. This color becomes less apparent 
toward the center of the basin, and the lowest lying parts are brown, 
or in some places, pale grayish brown. ‘Throughout most of the area 
there is little or no mottling within the solum, but near the center of 
the basin, where ponding occurs occasionally, mottling may extend 
into the B; or C, horizon. The soil is partly inundated during periods 
of heavy rainfall, but only in the lowest parts does water stand for an 
appreciable length of time. A small area has been included that is 
definitely hydromorphic. In some places near the center of the basin, 
this part has been partly reclaimed by building low levees to hold 
incoming waters until the silt and clays they carry settle out. In 
this way, part of the area has been built up above the poor drainage 
stage. 


Palawai clay (0 to 1 percent slopes) (Ps).—The profile of this soil, 
and its variations are those described for the Palawai series. Most of 
the soil is used for pineapple. One exception is the small area near 
the center of the basin, which was being reclaimed at the time of 
survey. During excessive rainfall, pineapple is damaged by too much 
water in this area, and occasionally parts of it may be inundated for 
short periods. Yields were not obtained for this soil, but the appear- 
ance of the crop indicated that it was considerably inferior to that on 
the adjacent Lahaina soils. 

The stickiness and plasticity of the soil makes such operations as 
plowing difficult, and destruction of crop residues before planting a 
new crop is a greater problem than on the higher lying soils nearby. 
Management for pineapple is similar to that used on the adjacent 
Lahaina soils. 


10 Palawai clay. 
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This soil occurs where the native vegetation consists mainly of 
annual grasses and small shrubs such as ilima. Little algaroba occurs 
at this high elevation. The soil is subject to much the same defi- 
ciencies for grazing as are the soils of the Lahaina series with which 
it is associated. Productivity of forage probably is higher on this 
soil, however, because water accumulates on it during heavy rainfall 
and thus shortens the excessively dry periods. When the soil does 
become dry, it is quite hard and grasses make little or no growth. 


WAIMANALO SERIES 


The Waimanalo series consists of the reddish-brown soils derived 
from alluvium that occur on the lower parts of the terraces back of 
Waimanalo on the island of Oahu. The series is the only one of its 
kind in the islands and so constitutes a mono-series family. The 
series is represented by one mapping unit—Waimanalo silty clay, 
nearly level and gently sloping phases. The soil occurs at elevations 
ranging from 20 to 200 feet under annual rainfall ranging from 40 to 
60 inches. It is entirely in vegetation zone Cy. a . 

In many properties, the soil is similar to those of the Waialua series, 
but it occurs in a wetter region and has a well-developed medium- 
granular A; horizon instead of the moderately well developed crumb- 
structured. A; characteristic of the Waialua soils. 

The soil is moderately to strongly acid throughout and effervesces 
mildly with H,O, in the upper part. Like the soils of the Waialua 
series, its clays are moderately sticky and plastic. Analyses cf 
samples from at least one place in this area show the soil to be mod- 
erately high in exchangeable magnesium. The physical properties 
are transitional from those of the Kohala family to those of the 
Honouliuli family of the Gray Hydromorphic group. 

Modal profile of the Waimanalo series: !! 

A, 0 to 9 inches, dark grayish-brown silty clay; well-developed medium 
granular structure; friable when moist; firm when dry, and slightly 
plastic when wet; moderate effervescence with H203; pH 5.5 to 6.5; roots 
numerous, 

B, 9 to 30 inches, dark reddish-brown silty clay; in some areas slightly 
mottled with gray; weak medium blocky structure; friable when moist, 
firm when dry, and moderately plastic when wet; weak effervescence 
with H,0,; pH 5.0 to 6.5; roots penetrate to the bottom of this layer. 

Bz, or C, 30 to 50 inches, dark reddish-brown gravelly silty clay with yellow 
and rust-colored streaks and mottling around weathering gravel; moder- 
ate medium blocky structure; friable when moist but sticky and plastic 
when wet; no effervescence with H30»; pH 5.0 to 6.5; this layer is saturat- 
ed after rains; few or no roots. 

C 50inches +, gravelly, weathered alluvium; gravel only partly weathered, 
and may be weakly cemented with limonite or hematite. 

The Waimanalo soil is derived mainly from older alluvium (8, 4), 
but in the lower lying areas it comes from materials designated as 
more recent alluvium. From the lowest lying areas to the highest, 
there is considerable variation in the degree to which the material has 
weathered. At the upper limit of the series, the material is similar to 
that which underlies the Kaneohe series. In these places the under- 
lying alluvium is highly weathered and commonly somewhat cemented 
with hematite and limonite. In physical properties, the soil also 


Waimanalo silty clay. 
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varies with elevation; it is most sticky and plastic at the lowest eleva- 
tions, and in some places show distinct evidence of restricted drainage. 
In a few of these low-lying areas, water seeps from the B; horizon into 
road cuts during wet weather. Probably the physical properties of 
the soil in these lower areas can be associated with bases such as 
magnesium, which are introduced in water moving laterally from the 
higher lands. Below a depth of 18 inches in these low places the soil 
may be distinctly mottled with gray or dark gray, and sometimes with 
rust brown. With increase in elevation, the soil becomes less plastic 
and the evidences of restricted drainage decrease. 


Waimanalo silty clay, nearly level and gently sloping phases (0 to 8 
percent slopes) (W2a).—-This unit includes all the soil of the Waimanalo 
series. The more sloping parts lie mainly at the higher elevations. 
There has been little or no erosion, and in most places few or no rocks 
are on the surface. Included are a few areas that have loose surface 
stones that interfere with cultivation. The soil, as a whole, is suited 
to the use of heavy machinery. 

All of the soil was.once used for cane, but the crop was never highly 
successful. The soil is in a region subject to considerable cloudiness 
and lies on the windward side of the island where rainfall is moderate. 
Precise yield data were not obtained, but the plantation management 
considered the soil fair for sugarcane. It was reported that ratoon 
crops did not live so long as elsewhere and that replanting was re- 
quired every 5 or 6 years in some parts of the area. Although rainfall 
is moderate and fairly evenly distributed throughout the year, irriga- 
tion is necessary for good production. Intensive fertilization with 
nitrogen, phosphorus, and potassium is required. 

The vegetation is typical of that in zone C,. Guava, the principal 
shrub, is a serious pest in many places. Lantana, also is a pest, but 
not to the extent it is in drier areas. The principal native grass is 
Bermuda, but such introduced species as the paspalums and kikuyu 
are well adapted. The lay of the land permits eradication of guava 
or similar shrubs with heavy machinery. 

If used for grazing, this soil should be highly productive of good- 
quality forage. The distribution of rainfall allows at least moderately 
even growth the entire year. Only the driest parts of the area have 
an average monthly precipitation of less than 2 inches in any month 
of the year. Rainfall is less than 3 inches per month during 3 to 6 
months of the year, and exceeds 5 inches during 2 to 5 months of the 
year. The perennial species adapted to this vegetation zone form a 
dense cover and effectively control erosion. 


HUMIC LATOSOLS 


The Humic Latosol great soil group consists of lateritic soils with 
strongly developed granular A; horizons over red, brown, or reddish- 
brown eluvial B horizons that are transitional to the underlying 
parent material. Iron and aluminum are concentrated throughout 
the solum because silica and bases have been lost. Silica and bases 
are much more depleted than in Low Humic Latosols. 

The soils are dominantly clayey throughout, but their physical 
properties are those commonly associated with silty clays or silty clay 
loams. The clays are apparently dominantly kaolinitic or oxide clays 


316 SOIL SURVEY OF TERRITORY OF HAWAII 


(see section on Physical and Chemical Properties of Soils). The soils 
are very strongly acid. They occur on all of the islands surveyed at 
elevations ranging from sea level to 3,000 feet. The annual precipita- 
tion ranges from 40 to 150 inches. The Humic Latosols group has 
been divided into these families: Kaneohe, Honolua, Paauhau, 
Ookala, and Kapoho. 


SOILS OF THE KANEOHE FAMILY 


The soils of the Kaneohe family are derived from the residuum of 
basalt weathered in place or from basaltic alluvium. They occur in 
the driest part of the regions occupied by Humic Latosols. They are 
red, yellowish-red, or reddish-brown soils with a strongly developed 
granular A, horizon. They are strongly or very strongly acid through- 
out the solum. Except for organic matter, which decreases with 
depth, their chemical composition is relatively uniform throughout 
the solum. Unlike the Low Humic Latosols, these soils do not effer- 
vesce with hydrogen peroxide, and there is no evidence that pyrolusite 
has accumulated in the B horizon either as concretions or as streaks or 
coatings on the aggregates. The relationship of the Kaneohe family 
to other families of the Humic Latosol group are shown in table 17. 


By mechanical analysis, practically all soils of the Kaneohe family 
would analyze as clays or heavy clays, but the nature of the clay 
fraction is such that their physical properties are those commonly 
associated with soils high in silt. They are as friable, or more friable, 
than soils of the Low Humic Latosol group. They are very strongly 
depleted of bases; pH values generally are below 5.5, and commonly 
range between 4.0 and 5.5 in the B horizon. The soils are more de- 


TABLE 54.—Key, modal profile, and 


Modal profile 
i 
Horizon Color (dry) 
Key Series Range in depth | 
Let- io— i 
us Name Munsell 
sym- 
bol | Upper | Lower 
limit | limit 
Inches | Inches | 
Ai DRESS 6-12 | Dark reddish | 25Y R. 3/2-3/4. 
i brown. i 
A. Derived from basalt or ando- is] 
sito slightly influenced by ELM B 6-12 | *12-30 | Yellowish red._.__ SYR 4/8-5/8... 
volcanic ash. Ci | 12-80 | *12-42 | Yellowish red as in B horizon, with 
Ca 12-42 |........ Yellow, red, brown, and gray, soft, 
B, Derived from old alluvium: Ies E PEE 7-13 | Dark red... JIOR 8/3-3/4---- 
1 Red soils- Kaneohe; B 7-13 | 3648 | Red...---..------- 10R 3/6-4/6- .... 
Ci 36-48 | 42-66 | Similar to horizon above but 
Cs 42-66 |........| Soft weathered gravel retaining 
A desee 7-13 | Dark reddish 5Y R 3/3-3/4... 
brown. 
3. Reddish brown scils.........| Lolekaa. B 7-13 | 36-48 | Reddish brown...) 2.5Y R 3/6-4/8. 


€t 36-48 | 42-66 | Similar to horizon above but 
Ca 42-66 |........ Soft weathered idi retaining 


“The shallowest depth indicated oecurs where the B on C horizon is truncated by solid bedrock. 
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pleted of bases than those of the Low Humic Latosol group and are 
also more depleted of silica. Depletion of silica has caused a corre- 
sponding concentration of iron and aluminum compounds. Silica- 
sesquioxide ratios are generally below 1.0. 

'The soils are low in total potash and are relatively high in total 
nitrogen. 'They fix large quantities of phosphorus in unavailable 
forms very quickly after application. Their physical properties are 
excellent, however, and they are very responsive to fertilization. 

Soils of the Kaneohe family occur on the islands of Hawaii, Kauai, 
Maui, and Oahu at elevations ranging from sea level to 3,000 feet. 
By far the greater part of the area, however, occurs below elevations 
of 2,000 feet. The annual rainfall ranges from 40 to 100 inches, but 
most of the family is in a region that receives between 50 and 80 inches. 
The soils are in a region transitional from vegetation zone C, to zone 
D,. The rainfall supports a dense, luxuriant vegetation. In only a 
few places is the average monthly rainfall less than 3 inches in any 
month of the year. Throughout the area, there is more than 5 inches 
of precipitation per month for 4 to 10 months of the year. Average 
monthly rainfall, however, does not exceed 10 inches in any month of 
the year. 

The characteristic shrub is guava. Ohia lehua associated with hala 
and kukui is prominent in forested areas. Various ferns, including 
staghorn, amaumau, and Boston fern, occur on soils of this family but 
are not so prominent in the plant association as they are in slightly 
wetter areas. Hilograss is outstanding among the grasses at the higher 
altitudes occupied by this soil family, and at lower altitudes Bermuda- 
grass reaches the wettest climate it will tolerate. Carpetgrass is wide- 
spread in some places. The trailing honohono is characteristic of the 


environment of soil series of the Kaneohe family 


Modal profile—Continued Environment 


Island Annual 


rainfan| Elevation | tation 


Texture Structure Consistence (wet) pH 


Inches Feet 
Silty clay......... Strong medium | Friable......... | 4.5-5.5 
granular. 
mmm do............! Weak fine 2----0...........] 4.0-5.5 | Hawaii..| 50- 80 0-1,750 | Ci, Di. 
blocky. Maui. ..| 60- 80 0-3,000 | Di. 
occasional soft, weathered rock fragments 
weathered rock retaining original structure. 
Silty clay......... Strong medium | Friable.__.____ --| 4.5-5.5 
granular. 
M a Wa ne sudes. 405.5 loann | [49-99 | 20- 500 | Cu Di. 
‘containing soft, weathered gravel... 
original structure. 
Silty clay......... 
EERS (Gs eens .0-5.5 | {Oahu -| 40 90 | 20- 500 | Ci, Di. 


0- 750 | C, Di 


containing soft, we: 
original structure 
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upper altitudes and in many places forms a dense growth. Sensitive- 
plant and Spanish clover are the most important forage legumes. 
The area this family occupies was undoubtedly forested originally, but 
most of it has been cleared and is now used for cane, vegetables, or 
pasture. 

The Kaneohe family consists of three soil series—Niulii, Kaneohe, 
and Lolekaa. The relationships of these series are shown in table 54. 

Differences among the three soil series are apparently associated 
both with kind of parent material and with age. The Niulii series is 
made up of red or yellowish-red soils derived from basalt or andesite, 
locally influenced slightly by voleanic ash. The other series, Kaneohe 
and Lolekaa, are derived from old alluvium. The Kaneohe soils are 
red and generally occur on slightly higher terraces than do the brown 
or reddish-brown Lolekaa soils. Although the age of the material 
itself may be no different, there are indications that the solum of the 
Kaneohe soils is older than the solum of the Lolekaa soils. This 
relationship is not definitely established and requires further study. 
The Kaneohe and Lolekaa soils are intimately associated in the 
Kaneohe district on Oahu. 


USE AND MANAGEMENT 


Although little of the Kaneohe family is used for sugarcane, it lies 
within the climatic zone where cane can be grown without irrigation. 
The soils are subject to considerable cloudiness, which reduces yields of 
sugar. Nevertheless, among those areas that receive enough rainfall 
to produce sugarcane without irrigation, the soils of this family have 
minimum cloudiness. They are not well suited to pineapple. 

Intensive fertilization is required. The soils are deficient in potash. 
Although their total supply of nitrogen is relatively high, nitrogen fer- 
tilizer 18 required under intensive cropping. The soils fix large 
amounts of phosphorus in unavailable forms. 

The physical condition of the soils is excellent. Although they are 
clays by mechanical analysis, the clays are relatively inert, and the 
soils are well aggregated. Organic matter is an extremely important 
constituent of these soils. It contributes to the nitrogen supply and 
also accounts for a considerable part of the total cation-exchange 
capacity. Ayres (1) has shown that these soils are in climatic zones 
where 55 or 60 percent of the total cation-exchange capacity of the 
surface soil may be attributed to organic matter. "The surface soils 
commonly contain 12 to 15 percent organic matter, and organie matter 
ordinarily accounts for more than 5 percent of the soil mass at depths 
of 18 or 20 inches. Carbon-nitrogen ratios are commonly near 15. 

Although little of the soil in this family is now used for mechanized 
agriculture, a considerable part is well suited to machinery. Table 55 
groups the soils of the Kaneohe family according to suitability for 
mechanized agriculture. 


Soils well suited to mechanized agriculture.—The gently sloping 
and nearly level soils of the Kaneohe family are well suited to mech- 
anized agriculture. They are derived from alluvial material and occur 
on terraces. Slopes range from 0 to 8 percent, and there has been 
little or no erosion. Few or no loose stones are on the surface, and the 
soils are very deep to bedrock. There are few or no physical limita- 


TazsrnE 55.—Suitability and physical limitations of soils of the Kaneohe family for mechanized agriculture 


Sorts WELL SUITED To MECHANIZED AGRICULTURE 


Depth 
Soil family and mapping units ; Slope Erosion Loose stones | to bed- | Principal physical limitations 
rock 

Kaneohe family, nearly level and gently sloping phases: | Percent Inches 

Kaneohe silty clay, gently sloping phase... j 0-5 | Slight essers None........ 40--| None. 

Lolekaa silty clay, nearly level phase--------------- Fo eS Locros dos. uem en do- 40+ Do. 

Lolekaa silty clay, gently sloping phase- ~---------- | 8-8... do. d [rn dos. ue 40+ Do 

Sorts MopnknATELY WELL SUITED TO MECHANIZED AGRICULTURE NEM 

Kaneohe family, sloping phases: 

Kaneohe silty clay, sloping phase___._..__.-------- 5-15 | Moderate... None........ 40+] Slope. 

Lolekaa silty clay, sloping phase___._______---_---- 8-15 |.... WO. 2% ocleosn do....... 404- Do. 


Sorts POORLY SUITED To MECHANIZED AGRICULTURE 


Kaneohe family, shallow gently sloping and eroded slop- 


ing phases: 
Lolekaa silty clay, gently sloping shallow phase... 2-10 | Slight.__----- Moderate- 12-30 | Shallowness and looss stones. 
Lolekaa stony silty clay, eroded sloping phase. ..... 5-15 | Severe__-.---|----- doses: 40--| Loose stones and slope. 
Kaneohe family, moderately steep phases: 
Niulii silty clay, sloping and moderately steep phases_| 8-25 | Slight--------|----- do eciuss 30+] Slope. 


Sorts Very POORLY SUITED OR UxsurTED TO MECHANIZED AGRICULTURE 


Kaneohe family, shallow and moderately steep or steep 


phases: 
Niulii silty clay, moderately steep shallow phase... 12-25 | Slight_...-_.. Moderate... 12-30 | Shallowness, loose stones. 
and slope. 
Niulii silty clay, steep phase________...______.____ 25-40 |... do-------l----- do------- 20+; Slope and loose stones. 


STOSOLYI INAH 
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tions to the use of machinery. The soils are easy to cultivate and to 
keep in good tilth. They hold water well. Crops are damaged by 
lack of moisture only in exceptionally dry weather. The soils require 
intensive fertilization but respond well when fertilizers are applied. 

These soils are now used principally for pastures for the dairy herds 
that supply the milk on the island of Oahu, for soiling crops, for 
various kinds of vegetables, and for such fruits as papayas and 
bananas. Small areas have been laid out in paddies and used inter- 
mittently for production of taro. Where these paddies are extensive, 
they have been included with the Hauula paddy soils. 

Various problems are associated with vegetable and fruit production 
on these soils, but the most important is supplying adequate amounts 
of plant nutrients. At the time of survey farmers that were producing 
bananas reported that the uneroded soils were less fertile than the 
eroded, because the fresh material exposed by erosion contained more 
plant nutrients. The location of these soils on the island of Oahu near 
the greatest population center in the Islands has had much to do with 
their use for products for direct human consumption. Soils less well 
adapted to the production of sugarcane than these are used for that 
crop on the island of Hawaii. 


Soils moderately well suited to mechanized agriculture.—Slope, 
ranging from 5 to 15 percent, is the principal limiting factor for these 
soils. These slopes slightly or moderately restrict use of machinery, 
but other characteristics of the soils are admirably suited to mechaniza- 
tion. Management requirements and crop adaptations are similar to 
those described for the group well suited to mechanized agriculture. 


Soils poorly suited to mechanized agriculture.—' This group con- 
sists of those soils on which a moderate amount of loose surface stones 
seriously interferes with cultivation. Also, for Lolekaa silty clay, 
gently sloping shallow phase, the depth to bedrock is commonly only 
12 to 30 inches and rock outcrops may be a limiting factor. These 
Lolekaa phases, however, are not so shallow or so stony that ma- 
chinery cannot be used. In most places, slope is almost as serious a 
limiting factor on the Lolekaa phases as it is on the soils moderately 
well suited to mechanized agriculture. The remaining soil, Niulii silty 
clay, sloping and moderately steep phases, consists of areas of this 
family of soils that occur in places where the land was not surveyed in 
detail. A variety of conditions are included, but the soil is usually at 
least moderately sloping and in many places may be moderately steep. 
On this soil, which is generally in forest or used for grazing, slope may 
be seriously limiting. 

All of the soils of this group poorly suited to mechanized agriculture 
are suited to cultivation in some degree. 'lhey are used in much the 
same way as the group of soils well suited to mechanized agriculture, 
but a greater proportion is in pasture or forest. On the island of Oahu, 
however, considerable areas are used for papayas, bananas, and some 
vegetable crops. For the most part, however, the vegetable crops are 
grown on the less strongly sloping lands or on the deeper soils. 

Like the soils of the group well suited to mechanized agriculture, 
these require intensive fertilization for good yields. "They are deficient 
in potassium, and fix large amounts of phosphorus in unavailable form. 
Although relatively well supplied in total nitrogen, they require 
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nitrogen fertilizer for sustained yields. Regular rotations involving the 
use of legumes are generally not used, and the soils are cropped con- 
tinuously in most places. There is little evidence that this system has 
so far seriously affected crop yields. 


Soils very poorly suited or unsuited to mechanized agriculture.— 
These are soils that are either shallow or steep; slopes range from 12 
to 40 percent. Because of slope alone, or moderate slope combined 
with shallowness to bedrock, these soils are essentially unsuited to 
mechanized agriculture. They are used almost entirely for pasture. 
The pastures produce a large amount of forage that is generally low in 
palatability and nutritional value. In the lower parts of the vegeta- 
tion zone, the soils are among the more productive in the Islands, but 
near the upper margin Hilograss, ricegrass, and yellow foxtail are 
dominant and produce pastures of limited nutritive value. 

Pasture improvement is doubly difficult because the soils are 
poorly suited to machine cultivation and rapidly become infested by ` 
guava. Of the introduced species, paspalums and kikuyu are most 
important. Kikuyu is generally favored because it competes with the 
weeds and shrubs. A relatively large part of the area covered by these 
soils is badly infested with guava. 


KANEOHE SERIES 


The Kaneohe series consists of red soils on the high terraces in the 
Kaneohe section on the island of Oahu. They occur at altitudes rang- 
ing from 20 to 500 feet under an annual rainfall of 40 to 90 inches per 

ear. They are at the boundary between vegetation zone C; and Dj. 
The soils are fine-textured but very friable and have a very strongly 
developed granular A, horizon. They are strongly or very strongly 
acid throughout and are depleted of bases and silica. Their organic- 
matter content is high in the A, horizon and well into the B horizon. 
The organic matter in the lower layer is not apparent in the field. 


Modal profile of the Kaneohe series: 


A, 0 to 10 inches, dark reddish-brown silty clay; strong medium granular 

structure; friable when moist or wet, but nonplastic; high in organic 
matter, pH 4.5 to 5.5; roots very numerous. 
10 to 42 inches, red silty clay; weak to moderate fine or medium blocky 
structure that becomes more distinet with depth; friable when moist or 
wet, but nonplastic; organic matter present but not apparent; pH 4.0 
to 5.5; roots numerous in the upper part but decrease with depth. 

C, 42 to 54 inches, similar to horizon B but contains soft highly weathered 
gravel in the yellowish red, fine, earthy material; roots present. ] 

Co 654 inches +, yellowish-red, red, yellow, and gray soft weathered gravel 
ihat retains its original structure; commonly somewhat cemented with 
limonite. 


The Kaneohe soils are derived from old, poorly assorted alluvium 
that is, in some places, weakly cemented with limonite or hematite 
(8, 5). These materials are very deep; the solum of the Kaneohe 
soils grades into them at depths ranging from 3 to 5 feet or more. 
The soils grade from a distinctly red color characteristic of the Kaneohe 
series to the reddish-brown soils of the associated Lolekaa series. The 
browner soils are usually on the lower terraces. The red soils rarely 
occur on strongly sloping land. The Kaneohe soils are well drained, 
easy to work, and are highly responsive to fertilization, 
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Kaneohe silty clay, gently sloping phase (0 to 5 percent slopes) 
(K28).—This phase has the profile characteristic of the deeper parts 
of the Kaneohe series. It occurs only on the island of Oahu.  Weath- 
ered gravel generally occurs at depths greater than 4 feet. Runoff is 
moderate and erosion is not a serious problem. The soil is deficient 
in potassium, and fixes large quantities of phosphorus in unavailable 
form. Although the virgin soil is high in total nitrogen, nitrogen 
fertilizer is required for sustained yields. The physical condition is 
excellent for cultivation, and the soil holds water well for crops. 

A large part of the phase is used as pasture for dairy herds. It is 
reported that cattle pastured on this soil show mineral deficiencies 
unless mineral supplements are fed. Paspalums are among the more 
common species in the improved pastures. The pastures produce 
large amounts of forage, but it does not have the nutritive value of 
that grown in drier areas. Pastures on this soil generally are not 
suitable for fattening cattle. 

Guava and other shrubs are serious pests in pastures; they are 
commonly controlled by periodic mowing. Sensitiveplant, the princi- 
pal common legume in the area, is ordinarily regarded as a weed in 
pastures because it is woody and thorny. Large forage grasses such 
as Napiergrass and the panicums produce extremely large amounts 
of forage but allow rapid reinfestation with guava. The present trend 
is toward use of smaller grasses and periodic mowing for control of 
pasture pests. Fertilization of pastures has been tried experimentally, 
but it has not been proved that the return is worth the cost. There 
is some evidence that heavy applications of lime and phosphate stimu- 
late the growth of grasses and increase the mineral content of the 
forage. The large forage grasses give tremendous response to nitrogen 
fertilizer. 

Various kinds of fruits and vegetables are grown on the soil, includ- 
ing papayas, bananas, and vegetables for the Honolulu market. At 
the time of survey, several small growers reported that the native 
fertility of this red soil was less than that of the reddish-brown Lolekaa 
soils with which it is associated. The principal soil management 
problem for fruits and vegetables is supplying adequate plant nutrients. 

Kaneohe silty clay, sloping phase (5 to 15 percent slopes) (K2c).— 
This phase covers a small total area. Its profile is essentially that 
indicated by the shallower depth limits shown for the profile of the 
Kaneohe series (p. 316). The soil is not so brilliantly red as the gently 
sloping phase, and in some places it approaches the reddish brown of 
the Lolekaa soils. Most of it is free of stone, but a few areas that 
have been included are moderately to severely eroded and have loose 
surface stones that interfere with cultivation. 

In most places the soil is used in the same way as the gently sloping 
phase, but a greater part of its total area is idle and is infested with 
guava and similar shrubs. The areas used for pasture are more diffi- 
cult to manage because guava is harder to control on sloping land. 
Pastures on this soil, like those on the gently sloping phase, produce a 
large total amount of forage that has relatively low nutritive value. 
The dairy farmers on Oahu commonly supplement this forage with 
other feed. Vegetables, papayas, and some bananas are produced on 
the soil in much the same way as on the gently sloping phase. When 
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this soil is used for these crops under clean cultivation, the problem 
of controlling erosion is serious. 


LOLEKAA SERIES 


The reddish-brown soils on terraces in the Kaneohe district on the 
island of Oahu and on the eastern side of the island of Kauai are 
members of the Lolekaa series. They occur at elevations ranging 
from sea level to 750 feet, and their annual rainfall ranges mainly 
from 40 to 100 inches. They are in areas transitional from vegetation 
zone C, to D,. Like soils of the Kaneohe series, they are fine-textured 
but very friable soils with a strongly developed highly granular A, 
horizon, They are strongly or very strongly acid throughout the 
profile. Organic matter in the A, horizon commonly amounts to 12 
or 15 percent. The supply of organic matter decreases with depth, 
but may be as much as 5 percent at a depth of 2 or 3 feet. In field 
observation, the content of organic matter is not apparent below 
the A, horizon. 

Modal profile of the Lolekaa series: 

A; 0 to 10 inches, dark reddish-brown silty clay; strong medium granular 
structure; friable when moist or wet, but nonplastic; pH 4.5 to 5.5; 
roots very humerous. 

B 10 to 42 inches, reddish-brown silty clay; weak to moderate fine to 
medium blocky structure; friable when moist or wet, but nonplastic; 
pH 4.0 to 5.5; roots numerous in the upper part and decrease with depth. 

Ci 42 to 54 inches, material similar to that of the B horizon but includes 
soft highly weathered gravel; few roots. 

22 54 inches +, red, yellow, and gray soft weathered gravel retaining 
original structure; may be weakly cemented with limonite or hematite; 
few or no roots. 

The Lolekaa soils are derived from old alluvium that is deep and 
poorly assorted (8, 5). This alluvium is very highly weathered to 
great depths; the gravel encountered at depths of 4 to 5 feet retains 
the original rock structure but is ordinarily so thoroughly weathered 
that it may be broken with the fingers. The soil has lost a high 
proportion of the bases contained in the original rock, as well as most 
of the silica. Silica-sesquioxide ratios are generally below 1.0 in both 
the solum and the underlying C; horizon. 

One of the principal variations is in color. The Lolekaa soils 
characteristically have a reddish-brown solum, but this becomes 
almost red where they join soils of the Kaneohe series. In other areas 
on the talus slopes, these soils grade to soils of the Kaena series and 
are darker than normal and have clays that are more sticky and 
plastic than in areas farther from the uplands. 

A principal variation on the island of Oahu consists of a shallow 
Lolekaa soil developed in a layer of alluvium 12 to 30 inches thick 
that has been deposited over the relatively recent and comparatively 
unweathered basalts of the Honolulu series (5). These shallow 
variations occur both in the Kaneohe section and in the Nuuanu 
Valley. In these shallow areas the weathered gravelly material of 
the C; and Cs horizons is absent or forms a very thin layer immediately 
above the basalt lava. 

The series as a whole is deficient in bases, including potassium and 
calcium. Supplies of organie matter are high and commonly account 
for more than half of the cation-exchange capacity of the A, horizon. 
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In spite of a high total nitrogen content, the soils generally require 
nitrogen fertilizer for sustained yields under the cropping systems 
practiced. Like others of this family, the Lolekaa soils fix large 
quantities of phosphorus in forms not available to plants. 

The Lolekaa series is represented by five mapping units differen- 
tiated on the basis of slope, erosion, stoniness, and depth. 


Lolekaa silty clay, nearly level phase (0 to 3 percent slopes) (Ls).— 
This reddish-brown soil occurs on terraces in the Kaneohe section on 
the island of Oahu and along some of the streams on the eastern side 
of the island of Kauai above Kapaa. Most areas are essentially 
uneroded and stone-free. The soil is deep and well drained; it is 
fine-textured but very friable, open, and porous. It holds large 
quantities of water for plants, is easy to work and conserve, and 
responds very well to fertilization. Under continuous cropping, com- 
plete fertilizers are required. In addition, the soil is deficient in 
calcium. 

On the island of Oahu, the soil is used as pasture for dairy herds 
that supply milk for the Honolulu area, and also for papayas, bananas, 
and various kinds of vegetables. On the island of Kauai it 1s used for 
sugarcane. The soil is exceptionally well suited to the use of heavy 
machinery for cultivation and harvesting of all crops and for control 
of guava or other pest plants in pastures. It is subject to considerable 
cloudiness, so yields of sugar are lower than on soils favored by more 
sunlight. Yields without irrigation are reported to be about three- 
fifths of those from irrigated soils of the Molokai series. 

In cultivated areas, supplying of plant nutrients is the principal 
management problem. Complete fertilizers are required for high 
production. Farmers in the Kaneohe section reported this soil to be 
naturally less fertile than the eroded phase, in which relatively less 
severely weathered material has been exposed. 

Paspalums are probably the most important grasses in improved 
pastures. The pastures are highly productive, but the forage is 
apparently less nutritious and less desirable for fattening cattle than 
that produced in somewhat drier areas. On the dairy farms on Oahu, 
supplemental feeds are provided to compensate for nutritional 
deficiencies in the pasture forage. Nevertheless, the forage on this 
soil is better than that grown on families of the Humic Latosol group 
that occupy wetter regions. 

The native Hilograss is most common in the upper part of the region 
this soil occupies, and in the lower part Bermudagrass reaches the 
wettest limit of its range. The large forage species such as Napier- 
grass and the panicums produce exceedingly large amounts of forage 
on this soil. 

Control of guava and other shrubs, the principal problem in pastured 
areas, is accomplished mainly by periodic mowing. Heavy machinery 
can be used in reclaiming areas that are infested with established 
growths of shrubs. On this soil the shorter sod-forming or creeping 
grasses such as kikuyu are preferred to larger forage grasses, partly 
because they allow easier control of guava. 


Lolekaa silty clay, gently sloping phase (3 to 8 percent slopes) 
(Le).—This phase resembles Lolekaa silty clay, nearly level phase, in 
practically all respects except slope. Slopes are not steep enough to 
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interfere seriously with the use of machinery but they do increase the 
problem of controlling runoff and erosion. For the most part, this 
soil must be classed among the better soils of this climatic zone for 
cultivated crops or for pasture. 

The soil profile is essentially that described for the Lolekaa series. 
Two principal variations are included in the unit. One consists of 
areas too small to delineate separately that occur on some of the 
terraces in the Kaneohe section of Oahu where taro had been grown. 
The soil in this area has a slightly mottled subsoil as a result of past 
use for taro. Another inclusion consists of soil near the foot of talus 
slopes that is transitional to soils of the Kaena series. In these areas 
there is slight evidence of mottling in the lower part of the profile, and 
the clays are slightly more sticky and plastic than is normal for the 
series. Chemical analyses of soils from other areas indicate that this 
stickiness and plasticity may be associated with slightly higher content 
of exchangeable magnesium than is common for the Lolekaa series. 

This gently sloping phase of Lolekaa silty clay loam is used for 
grazing, papayas, bananas, and various kinds of vegetables. It is 
highly responsive to fertilization for these crops, easy to work, and 
moderately easy to conserve. Like other soils of the Lolekaa series, 
it is deficient in potassium and calcium, fixes phosphorus in unavailable 
form quickly after it is applied, and although high in total nitrogen, 
requires nitrogen fertilization for sustained yields. Control of erosion 
is a moderate problem; it is advisable to cultivate on the contour 
wherever possible. 

The most productive pastures on the island of Oahu are those 
improved ones in which paspalums are the principal grasses. The 
soil is highly productive of such sod-forming or creeping grasses such 
as paspalums and kikuyu, and also of the tall forage grasses such as 
Napiergrass and the panicums. The soil produces a very large 
amount of low-quality forage. Dairy herds usually receive both 
protein and mineral supplements. The native grass near the upper 
limit of the soil type is dominantly Hilograss, and near the lower hmit 
of this phase Bermudagrass reaches the wettest limit of its range. 
Throughout the area guava is one of the principal pests. In idle 
areas it forms dense thickets that almost exclude other plants, and it 
encroaches upon pastures. Control is not so difficult as on more 
strongly sloping lands; it can be accomplished in pastured areas 
mainly by periodic mowing. Areas that have become seriously 
infested can be reclaimed by use of heavy machinery. 


Lolekaa silty clay, gently sloping shallow phase (2 to 10 percent 
slopes) (Lx).—This soil is 12 to 30 inches thick over relatively young 
basalts of the Honolulu series, It occurs both in the Kaneohe district 
and in the Nuuana Valley on the island of Oahu. The profile differs 
from that described for the Lolekaa series mainly in that it usually 
does not have the C, and C, horizons. Its B horizon normally rests 
directly on relatively young unweathered basalt. In some places a 
thin stratum of gravelly material may occur between the B horizon 
and the underlying lava. 

The soil generally has some loose stones on the surface, and in most 
areas there are a few outcrops of bedrock. The surface stones and 
outcrops generally do not prohibit machine cultivation but may cause 
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considerable inconvenience. Slopes are generally not so uniform as 
those on the gently sloping phase. In some areas the complexity of 
slope may seriously handicap control of runoff. 

Although data on its plant nutrient status were not obtained, it 
may be assumed that this soil is low in potassium, fixes large amounts 
of phosphorus quickly in forms unavailable to plants, and is relatively 
mieh in total nitrogen but requires nitrogen fertilizer for sustained 
yields. 

In most places in the Kaneohe district, this soil is used. for pasture. 
Pastures generally appeared to be as good as those on the deeper 
associated soils. Rainfall generally is adequate to keep even this 
shallow soil relatively well supplied with moisture during most of the 
year. During occasional extended periods of dry weather, this soil 
may become dry more quickly than the deeper soil of the series. 

A few isolated areas are used for papayas or vegetables. In the 
Nuuanu Valley, a large part of the soil is in water-reserve forests, but 
small areas are used for vegetables near the lower part of the valley. 
The value of the soil for either pasture or vegetables is similar to that 
of the deeper soils of the Lolekaa series, but surface stones and rock 
outcrops make cultivation somewhat more difficult. 


Lolekaa silty clay, sloping phase (8 to 15 percent slopes) (Lr). 
The more strong sloping parts of terraces in the Kaneohe district on 
Oahu are occupied by this soil. It commonly lies immediately ad- 
jacent to the “Pali,” but it also occurs on semicolluvial deposits that 
extend along the coast near the base of the Koolau Mountains. In 
these coastal areas it receives considerable seepage water from the 
adjoining highlands and its profile shows more variation than in most 
other areas. 

'The triangular flat-topped areas near Pali in the Kaneohe district 
are most typical. The areas on semi-talus slopes are extremely vari- 
able; in many places the profiles range from those typical of the 
Lolekaa series to those that approach the profiles of the weakly 
hydromorphic Kaena soils. The weakly hydromorphic profiles are 
found where seepage water becomes effective. 

Where this soil is at lower elevations adjacent to Kaena soils, it 
receives most of the seepage waters from the uplands and probably is 
considerably influenced by magnesium carried in the seepage. These 
seep-affected areas may have higher than normal concentrations of 
exchangeable magnesium. 


The sloping phase of Lolekaa silty clay is less well suited to tillage 
than the gently sloping and nearly level phases of the series. Most 
of the soil is in pasture or lies idle, but in a few places banana groves 
or papaya orchards are growing on it. Pastures are generally not so 
well cared for, and they consist predominantly of Hilograss and its 
associated species. A high proportion of the pastures are infested with 
guava and other weedy shrubs. In some places honohono dominates, 
and in the idle areas guava commonly forms dense thickets that almost 
exclude other plants. This soil is generally in the wettest part of the 
region occupied by Lolekaa soils. 

The soil is not so steep that it could not be cultivated or mowed to 
control the shrubs in pastures. If it were cultivated, erosion would be 
serious, All cultivation would need to be on the contour, and terraces 
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for diverting runoff would be required. Most areas of this soil that 
have been cropped are now eroded and are included in the eroded 
sloping phase. 

Lolekaa stony silty clay, eroded sloping phase (5 to 15 percent 
slopes) (Lu).—-This phase consists of Lolekaa soil areas eroded to 
such extent that gravelly material is exposed an most places. The 
gravel most commonly outcrops near the highest part of the slope; 
that is, where slope breaks from the uniformly sloping terraces to 
those steeper parts where streams have cut back into the terraces. 
Loose gravel exposed near the top of these slopes has rolled down and 
made the entire soil more or less gravelly or stony. Loose stones 
may occur on the surface where they have slumped down from the 
adjacent escarpments. Stones, gravel, and steep slopes interfere 
with cultivation. 

The parts of this soil that are used are either in pastures or in 
bananas, papayas, or vegetables. More of the banana groves of 
the Kaneohe district are on this soil than on the uneroded phases. 
Farmers have reported that this soil is apparently more fertile and 
produces better yields of bananas without fertilizer than the uneroded 
phases with which it is associated. It cannot be considered as highly 
productive of vegetables as the uneroded soils if the crops are ade- 
quately fertilized. The quantity of vegetables grown on this phase 
is relatively small. 

Except for those areas that lie adjacent to the uplands, the soil 
occurs as small isolated areas in association with uneroded and less 
strongly sloping lands. Commonly it occurs as long, narrow areas 
along the deeply incised drainageways that have cut back into the 
old terraces of the Kaneohe district. In these places, the soil is 
idle and has grown up to guava and honohono, or it is used for pasture 
in association with the adjacent more gently sloping Lolekaa soils. 
It must be considered unimportant agriculturally. 


NIULH SERIES 


These are red or yellowish-red soils derived from rock weathered 
in place where vegetation and climate are similar to those for the 
Kanehoe district of Oahu. They occur at elevations ranging from 
sea level to 1,750 feet on the island of Hawaii, and on Maui from 
sea level to 3,000 feet. This is a 50- to 80-inch rainfall zone. On 
Hawaii the soil is transitional from vegetation zone C, to Di, but on 
Maui it lies entirely within the lower part of the zone Dı. The 
Niulii are fine-textured but friable soils with strongly developed 
highly granular A, horizons. They are strongly or very strongly 
acid throughout the solum and are commonly not so deep over bedrock 
as many soils derived from residuum in areas where the rocks are older. 

Modal profile of the Niulii series: 

A; 0 to 9 inches, dark reddish-brown silty clay; strong medium granular 
structure; friable when moist or wet; pH 4.5 to 5.5; roots very numerous. 

B 9O9to24inches, yellowish-red or reddish-brown silty clay; weak to moderate 
fine or medium blocky structure; friable when moist but slightly sticky 
when wet; pH 4.0 to 5.5; roots numerous in the upper part but decrease 
in number with depíh. 

Ci 24 to 32 inches, yellowish-red gritty silty clay similar to that of horizon 
B but including small amounts of soft, weathered rock fragments that 
retain the original structure; few roots. 
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$ 82 inches +, yellow, red, brown, and gray soft weathered basalt that 
retains original rock structure; solid bedrock occurs at varying depths 
ranging to more than 6 feet in the deeper soils of the series; few or no 
roots; in the shallow phase, solid bedrock occurs at depths ranging 
from 12 to 30 inches, and it may replace the Ci, Co, and lower part of 
the B horizon. 

On the island of Hawaii these soils occur on Kohala Mountain 
within the areas of heaviest rainfall used for sugarcane. In this 
area the soils are on basalts. On Maui, however, they occur on 
“islands” of rock of the older Kula volcanic series, and these older 
rock formations are surrounded by young rocks on which there are 
shallow soils. On both islands, the rock has not weathered to the 
great depths characteristic of the older lavas on the islands of Oahu 
and Kauai or on West Maui. On both islands there is a gradual 
change in soil properties as one goes from the lowest to the highest 
elevations. At the lowest elevations, the soils are most friable and 
reddest. With an increase in elevation and rainfall, the soils continue 
to be friable when moist, but at the highest elevations they tend to 
smear under pressure when wet. The surface soil becomes slightly 
grayer with elevation. With increasing rainfall, colors of the B 
horizon grade from red to yellowish red, and acidity generally becomes 
greater as the elevation increases. 

Like other soils of the Kaneohe family, the Niulii soils are highly 
leached and strongly or very strongly acid. They are deficient of 
bases, including calcium and potassium, and fix phosphorus fertilizer 
quickly in unavailable forms. They are moderately supplied to 
well supplied with total nitrogen, but under continuous cropping 
it is necessary to apply nitrogen fertilizer. 

The soils occur in areas of moderately heavy rainfall where cloudi- 
ness limits the production of sugar. Rainfall is generally adequate 
for producing cane without irrigation, but drought may limit yields 
in exceptionally dry years. Pastures produce large amounts of forage, 
but it is less nutritious than that produced in drier areas and is less 
suitable for fattening cattle. 


Niulii silty clay, sloping and moderately steep phases (8 to 25 per- 
cent slopes) (No).—A large proportion of the Niulii soil occurs in areas 
not used for crops, and for that reason slopes were not differentiated 
so finely as in areas of greater agricultural importance. This unit 
therefore includes all those soils of the Niulii series that are deep, 
nonstony, and sloping to moderately steep. 'The unit is mapped 
on the uplands of Maui and Hawai. It receives between 50 and 
80 inches of rain a year on the average. It occurs at elevations 
ranging from sea level to 1,750 feet on Hawaii, and from sea level to 
3,000 feet on Maui. This unit occurs on the margin between vege- 
tation zones C, and D,. 

The soil profile is that described for the Niuli series. The solum 
is generally at least 2 feet thick; soft weathered bedrock oecurs at 
depths greater than 3 feet, and solid bedrock at depths of more than 
5 feet. Except for depth, the variations in this soil are those men- 
tioned for the Niulii series. 

On the island of Maui this soil is in pasture, though it has been 
used for sugarcane and pineapple. At the time of survey Napier- 
grass was the principal species, but the soil is well adapted to pas- 
palums and kikuyu.  Hilograss is the dominant native species. 
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The soil produces large amounts of forage, but it is of lower nutri- 
tional value and less suitable for fattening cattle than grasses pro- 
duced in drier regions. Although mineral nutrient deficiencies have 
not been reported for cattle raised exclusively in this vegetation zone, 
deficiencies similar to those reported on the Kaneohe and Lolekaa 
soils may be expected. 

On the island of Hawaii areas of this soil at elevations below 1,500 
feet are used for unirrigated sugarcane. Yields reported at the time of 
survey were distinctly less than those reported for the adjacent Kohala 
solls at lower elevations and under lower rainfall. 'The difference 
in yield was attributed primarily to higher degree of cloudiness on the 
Niulii soils. The plantation management reported that this Niulii 
soil was generally low in available potassium and phosphorus. 

Above the limits of cane production on the island of Hawaii, this 
soil is used for pasture, forests, and small truck-crop farms. Hilo- 
grass and associated grasses are dominant in the grazing areas. 
Produetion of truck erops is hazardous under prevailing practices 
because the soil is low in fertility and subject to long spells of wet 
or cloudy weather during which growth is limited and various diseases 
take a serious toll. In forested areas the vegetation consists pri- 
marily of chia lehua, though a considerable amount of pandanus 
oceurs near the coast. 

The soil itself is adapted to machine cultivation, but the steeper 
slopes cause considerable difficulty. A few loose surface stones occur 
on both Maui and Hawaii, but they generally do not interfere 
seriously with the use of machinery. Slope is the principal factor 
that limits the use of machinery. 


Niulii silty clay, moderately steep shallow phase (12 to 25 percent 
slopes) (Nw).—This shallow phase has from 12 to 30 inches of soil over 
rock; the greater part of the area has about 15 to 18 inches of soil. The 
shallower profile of this phase does not appear to be associated with 
accelerated erosion of the deeper normal soil. The A, horizon appears 
to be normal, but the B horizon is very thin. Rock fragments gener- 
ally occur on the surface in moderate amounts and are mixed through- 
out the entire solum. Commonly, there are small bedrock outcrops 
that interfere with eultivation. On the island of Hawaii erosion 
appears to be a serious problem, but on the island of Maui it was not 
so conspicuous. This soil is poor for cultivated crops, but is better 
adapted to pasture. Moderately steep slopes, shallowness, occasional 
outerops, and loose surface stones detract from its value as cultivated 
land. Machinery can be used, but generally only with difficulty. 
Hand labor would be required in many areas. 

This soil appears to be essentially as productive of pasture as the 
deeper soil of the same series. Hilograss is the dominant native 
species in most places, but introduced species, as other paspalums 
and kikuyu, or the larger forage grasses such as Napiergrass and 
the panieums would be well adapted. One of the greatest difficulties 
is control of guava. The slopes and the surface stones interfere 
with mowing of established pastures for control of guava and, in 
many infested places, prohibit use of heavy machinery for its eradica- 
tion. Idle areas are commonly covered with a stand of guava so 
dense it almost excludes other plants, 
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Niulii silty clay, steep phase (25 to 40 percent slopes) (N»).— This 
unit includes all of the steep soils of the Niuli series. It occurs as 
small areas on Kohala Mountain in the island of Hawaii, where it is 
associated with less steeply sloping soils of the same series. On the 
island of Maui it occurs in the same manner in some places, but the 
greater part of that island consists of steep but uniformly sloping 
land on the steepest part of the southeastern slope of Haleakala. 

This unit includes two kinds of areas that differ in depth of soil 
over bedrock. One is similar to that described for the sloping and 
moderately steep phase and is generally more than 24 inches deep to 
weathered rock material. The other is a shallow soil ranging from 
12 to 20 inches deep to weathered bedrock. On this steeply sloping 
land no effort was made to differentiate soils on the basis of depth. 

This phase is too steep for use of machinery; essentially all of it 
is idle or in pasture. Paspalums, kikuyu, or the larger forage grasses 
will produce large amounts of forage, but the difficulty of using 
machinery limits use of the soil. It is very difficult to control or 
eradicate guava on such steep land. As on other phases of Niuli 
silty clay, a large amount of forage is produced where weedy shrubs 
can be controlled, but its nutritional value is less than that grown in 
drier areas. In unimproved pastures Hilograss is dominant. 


SOILS OF THE HONOLUA FAMILY 


These are Humic Latosols derived from the residuum of basic 
igneous rocks weathered in the wettest parts of the Humic Latosol 
regions. ‘They occur at elevations ranging from sea level to 3,500 
feet under an annual rainfall of 70 to 150 inches. They are mainly 
in vegetation zone D, as defined in the section on Soils and Vegetation. 

The relationship of the Honolua family to other families of the 
Humic Latosol group is shown in table 17. They constitute a group 
of very strongly leached soils that have been depleted of bases and 
silica, and have concentrations of iron and aluminum compounds 
within the solum and in the underlying weathered rock material. 

Physically, the consistence of the B horizons of these soils is their 
outstanding difference from soils of the Kaneohe family. Soils of the 
Kaneohe family are friable whether moist or wet and crush to a 
crumblike structure under pressure. In contrast, soils of the Honolua 
family do not cumble under pressure when wet, but may be pressed 
into a moderately smooth, slick ribbon. This consistence has been 
called weakly smeary, and in this respect soils of the Honolua family 
approach the consistence of the Hydrol Humic Latosols. This smeary 
consistence appearently reflects the nature of their clays. The clays 
are probably at least moderately high in oxides of iron and aluminum, 
but relatively lower than the Low Humic Latosols in minerals such 
as kaolinite. The pH values are generally low throughout the solum, 
commonly from 4.0 to 5.0. The A, horizon is strongly developed, 
highly granular, and distinctly grayer than the A; horizons of the 
Kaneohe family. 

By mechanical analyses all of the soils of the Honolua family would 
analyze as clays or heavy clays, but the nature of the clay fraction 
is such that they have few of the physical properties commonly asso- 
ciated with clays. The materials are apparently even more inert than 
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the clays of the Low Humic Latosols. All of these soils are very 
low in total bases and high in total nitrogen and organic matter. 
They quickly fix large amounts of phosphorus in unavailable forms. 
Soils of this family were mapped on all of the islands except Molokai; 
on Molokai, a very narrow belt of soils that belong in this group was 
not delineated but was included with soils of the Hydrol Humic 
Latosol group in reconnaissance mapping. 

Soils of the Honolua family are in a vegetation zone that is naturally 
forested, Ohia lehua is the most prominent tree throughout most of 
the zone, and especially important near the upper, or wetter, limits 
of these soils. Hala and kukui are abundant in the lower parts of the 
vegetation zone. In areas that have been cleared, guava is the out- 
standing shrub; it covers many thousands of acres with an extremely 
dense growth. Associated with the guava are staghorn, amaumau, 
and Boston ferns. False vervain is another troublesome shrub. 
Hilograss is dominant among the grasses, but ricegrass and yellow 
foxtail are abundant on areas of thin soil. Sedges are prominent 
throughout the soil family. The small creeping Chinese violet is a 
common herb, and the trailing honohono in many places forms an 
extremely dense cover that eliminates practically all other plants. 
The dense vegetative cover makes a large amount of growth in a year. 

The average air temperature at sea level is about 73° F., or 2 to 3 
degrees lower than that in the dry regions. Because the area is sub- 
ject to a very high degree of cloudiness, the effect of this temperature 
difference is magnified. The soils are practically never dry, and 
rainfall exceeds the amount of moisture lost by evaporation and 
transpiration. Average rainfall is greater than 3 inches per month 
throughout the area. More than 5 inches per month falls during 
7 to 12 months of the year, and more than 10 inches per month falls 
during 2 to 7 months of the year. The total amount of plant nutrients 
involved in the growing vegetation and in the litter returned to the 
soil each year must be very large. The very small amount of unpub- 
lished data available on the subject indicate that the vegetation char- 
acteristic of this zone is moderate in its content of bases and that 
the humus layer produced on the soil is neither so acid as that which 
occurs in the Hydrol Humie Latosols nor so basic as that occurring 
in the drier regions of the Low Humic Latosols. The soils are at 
present subject to acid leaching in the upper parts of the solum. 

The relationships among soil series of the Honolua family are given 
in table 56. 

USE AND MANAGEMENT 


Very little land occupied by soils of the Honolua family is used for 
cultivated crops. The high degree of cloudiness severely limits their 
suitability for sugarcane, and in their wetness seriously restricts use for 
pineapple. Little of the area is used for vegetable crops or fruit. 
Control of diseases, insects, and weeds is extremely difficult. The 
climate is continually moist. A moderate proportion of the total area 
is used for pasture, which produces a large amount of forage that has 
low nutritional value and is considered poor for fattening cattle. 

Pasture and forestry are the most important uses of these soils. 
Their limitations for pasture must be carefully considered in manage- 
ment. Among the adapted species, Hilograss grows naturally in the 
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TABLE 56.—Key, modal profile, and 


Modal profile 
Horizon Color (dry) 
Tapi | 7 
Key Series | Range in depth 
Let- io— Texture 
Ae ——— Name | Munsell 
bol | Upper | Lower 
limit | limit f | 
bes a | | 
A. Derived from H 
rock weathered | 
in place: 
1. With weakly 
smeary con- 
sistence: 
a. Without iron 
concretions: Inches | Inches . 
Aa foaie | 6-12 | Dark reddish 5YR 4/3-4/4.| Silty elay_-.__ 
f brown. 
Bs | 6-12 18-30 |..... D; [ro wit — [m 
() Withred- | Honolua.’ p, | 18-30 | 30-60 | BO eean 25YR fu. do... 
browu 4/6-4/8. 
At [e] 5043-1... Yellow and brown to light gray, soft, weathered 
to 50 feet. 
A vcrsus 6-12 | Dark grayish 2/5Y 3/2- Silty clay- 
. brown. |i BY 3/2. 
Bi 6-12 Red. --do.. 
Bz | 18-30 
(2) With | Paaloa.. 
grayish | E. s 
brown Bs | 24-42 36-48 |... [51 eae | 10R 4/64/8..1. [5 RR 
A 
t Cy | 36-48 54-66 | Red material similar to that of Bs but contains 
Ca | 54-66 |...... Red, yellow, and gray, soft, weathered rock 
An |... 3- 8 | Dark grayish 10YR Gravelly silty 
brown, 4/3-5/3. clay. 
An 3-8 | 10-14 | Brown..._....-- TASH foe das eco ute. 
b. With iron Halii.... 4/4-5/4. 
concretions B 10-14 | 18-24 | Red............. 2.5 YR Silty elay..... 
in the | f 4/6-4/8. 
upper part ih Oy 18-24 | 36-48 | Yellowish red material similar to that of horizon 
of the soil. IU Ce | 36-48 |... Soft, weathered rock that retains original structure 
Ag Ll 3- 4 | Grayish brown..| 2.5Y Silty clay__._- 
| 4/2-5/2. 
Ags 3-4 9-12 |..... do...........| 2.5Y 4/2-5/2 |..... [iri RSEN 
2. With strongly | Kailua.. (. B 9-12 | 18-24 | Reddish brown.| 5Y R 4/4-5/4 |... Aosta cess 
smeary con- 
sistence. i 
i Similar to B but contains soft weathered rock 
Yellow, red, and gray, soft, weathered rock that 
Reddish brown | 5YR 4/4-4/3. SUY clay 
Oam, 

B. From mixed vol- | Maka- B; 6-10 | 24-36 | Yellowish red ...| 5YR 4/8-5/8 |... d0......... 
Panic AA And WRO, By or, 24-36 | 36-00 | Similar to B» but contains soft weathered rock 
" 4) 
in place. Cs | 36-60 |... Yellow- and brown-coated slightly weathered 

Ay |----.--- 3-4 | Dark grayish l Silty clay | 
rown 4/2-5/2, loam. 

C. From alluvium..| Keanae |) 4” | $-4| 8-312 Brown... agr. pase do.......—- 

B 8-12 | 18-30 |Yellowish red....| 7.5YR — — |... do: 
| 5[6-5/8. . 
€i 18-30 |... .... Yellow and brown, smeary silty clay loam 


i 


1 Vegetation zones Ci, C2, Di, and Ds join in the area where Makawao soils occur. 
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environment of soil series of the Honolua family 
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Modal profile—Continued Environment 
Consistence 
i 
| Annual Vege- 
Structure | pH Island rain- | Elevation | tation 
Wet Moist — | fall 4 irme 
| | 
| 
| 
Strong medium Weakly smeary., Frigble ......... 4.0-5.0 | 
granular. | 
Weak fine blocky. |... D — dO uices 4.0-5.0 Inches | Feet 
Maui...| 74-140 | 500-1,750 | D 
Moderate Ss |... T EEE [em do... 2... |4. 0-5. 0 i a : 
medium Lanai...| 70-100 2 000-3, 500 | Di. 
blocky. 1 | 
rock that retains original strueture; solid bedroek at depths of 10 
Strong medium | Weakly smeary.| Friable.........- 4.0-5.0 
granular. 
Weak fine blocky- 4. 0-5.0 
Moderate 4.05.0 
ean Oahu. -| 70-100 | 500-1,300 | Di. 
Weak medium UMEN [eH Friable.......... 4.0-5.0 
blocky. 
fragments of soft weathered rock... oS eee 
retaining original struetüre......... 
Strong medium | Weakly smeary. 
granular. 
sar c ere eee 00: ete 
Weak fine blocky_|_____ du e denn di orn 4,0-5,0 |[K&usi.-.| 70-160 | 30031,000 | Dz. 
B but containing soft weathered rock fragments 
| Weak medium. i 
granular. 
Moderate 
medium 
al" i Maui...100-180| — 0-2,500 D 
Moderate ^ |... do.--..-.---- Friable......---- 4.0-5.0 cnr d te 
medium Hawaii..100-150 |1, 500-3, 000 | Di. 
blocky, 
fragments. asa SA A E EAR 
retains original structure |... 
Strong medium | Weakly smeary. 
granular. 
Weak fine blocky.|..... prc sees | eset (ol meneame | 4.0-5.0 
i Maui...| 80-150 |1,200-2, 750 | Di.t 
cann MEM p 
rock fragments grading to bedrock 
Strong medium | Weakly smeary. 
granular. 
ore Dp E eee oes 
Maui...| 80-150 o- 500 Di. 
Weak fine |... WO = — 
blocky. 
surrounding gravel that have soft, weathered shells but solid cores. 
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better soil areas and is preferable to ricegrass. Yellow foxtail, 
occurring on some of the poorer soil areas, is definitely inferior to 
either. Paspalums, kikuyu, Napiergrass; Guineagrass, and panicums 
grow well in the more fertile parts but are not so vigorous on some of 
the steeper eroded slopes. 

Two kinds of improved pastures may be considered. The first 
kind—made up of the large forage species such as Napiergrass and 
panicum—produces an exceedingly large amount of forage but is 
easily invaded by guava and allows little opportunity for control of 
this pest. The second kind, consisting of the smaller, sod-forming or 
creeping grasses such as the paspalums and kikuyu, produces a smaller 
total amount of forage but permits periodic mowing to control shrubs. 
Of the two grasses, kikuyu is now favored because it is aggressive and 
establishes itself rapidly. 

This vegetation zone is generally regarded as poorly suited to fatten- 
ing cattle, apparently because of low palatability, low dry-matter 
content, and possibly mineral deficiencies in the forage. Feeding of 
molasses and mineral and protein supplements has not completely 
corrected this. Pastures on these soils are commonly used for the 
breeding herd and as a feed reserve in dry years when forage on other 
parts of the ranches has become depleted. There is some evidence 

‘that heavy applications of lime and phosphate stimulate the growth of 
grasses and certain legumes and also increase the mineral content of 
the forage. The economics of such fertilization for pastures have not 
been determined. 

Although slope, stoniness, depth of soil, and erosion are relatively 
less important for these soils than those better suited to cultivation, 
they are, nevertheless, important from the standpoint of control or 
eradication of weeds in those areas cultivated or pastured. In table 
57 the soils of the Honolua family are placed in three groups according 
to their suitability for the use of machinery. 


HONOLUA SERIES 


The red soils of the Honolua series occur on the islands of Maui and 
Lanai and receive 70 to 140 inches of rainfall per year. They are 
at elevations ranging from 500 to 3,500 feet in all areas, except the 
one on Lanai, where they are confined to elevations of 500 to 1,750 
feet. They are entirely within vegetation zone D,. They are fine- 
textured but friable soils with strongly developed medium-granular A, 
horizons. They are strongly or very strongly acid and highly depleted 
of both silica and bases. 

Modal profile of the Honolua series: 


A, 0 to 9 inches, dark reddish-brown silty elay; strong medium granular 
structure; friable when moist but weakly smeary when wet; pH 4.0 to 
5.9; roots very numerous, 

B: 9 to 24 inches, red silty clay; weak fine or medium blocky structure; 
friable when moist but weakly smeary when wet; pH 4.0 to 5.0; roots 
numerous. 

B; 24 to 42 inches, red silty clay; moderate medium blocky structure; 
friable when moist, hut weakly smeary when wet; pH 4.0 to 5.0; contains 
fragments of soft weathered rock, 

C 42 inches+, yellow, brown, or gray, weathered rock that retains the 
original structure; solid roek cores are embedded in this material; 
horizon grades to solid basalt or andesite (locally trachyte) at depths 
below 10 feet. 


TABLE 57.—Suitability and physical limitations of soils of the Honolua family for mechanized agriculture 


Soms WELL SUITED TO MECHANIZED AGRICULTURE 


J | 
| | 
l 


Depth to 


Soil family and mapping units | Slope | Erosion j Loose stones | edrock | Principal physical limitation 
| 
7 | 

Honolua family, gently sloping and nearly level phases: | Percent | Inches 
Honolua silty clay, gently sloping phase 3- 8 | Slight 40+] None 
Paaloa silty elay, gently sloping phase 2- 8 d 40+ Do 
Makaweo silty clay loam, gently sloping phase... 3- 8 40+) Do 
Keanae silty clay loam_____________.. s Lo LLL 0- 5 40-4-| Do 

Soms MODERATELY WELL Surrep ro MECHANIZED AGRICULTURE 

Honolua family, sloping phases: | | 
Honolua silty clay, sloping phase- -22-2-2222 8-15 | Moderate... Fewo eoten 40-r| Slope. 
Honolua silty clay, eroded sloping pbase 8-20 Severe... ___|_-__- do......- 30+ Do. 
Paaloa silty elay, sloping phase- -a-a 2a2 aaau 8-15 | Moderate ----do_._-_..| 40+! Do. 
m gravelly silty clay, gently sloping and sloping 38-15 |..... di. eurn d6 sms i 40+! Do. 

phases. 

Kailua silty clay, sloping phase___.______________. 3-15 ..... dosis do....... | 40+ Do. 
Makawao silty clay loam, sloping phese.__________ 8-15 ..... dos MEE do....... | 40+! Do. 


Sous Very POORLY SUITED OR UNSUITED TO MECHANIZED AGRICULTURE 


Honolua family, severely eroded phases: 


Honolua silty clay, severely eroded phase. --------- 8-25 Very severe | Moderate... .| 12-40+| Eroded condition, slope, 
| loose stones. 
Hali gravelly silty clay, eroded moderately steep | 12-30 |... do. o cca css do... | 12-40+| Do. 
phase. | | i 
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Soils of the Honolua series are derived mainly from basalt or andesite 
lava, but a part of the area on West-Maui is derived from trachyte. 
Differences among these kinds of rocks were not apparent in the 
physical properties of the soils developed on them. The rocks are very 
deeply weathered in most areas; solid bedrock occurs mainly below 
10 feet, and may be as much as 50 feet below the surface. Generally 
there are solid rock cores within the weathered parent material below 
a depth of 4 feet. The surface soil becomes grayer with increase in 
elevation and rainfall. The tendency of the B horizon to smear under 
pressure when wet also increases with rainfall, and at the upper limit 
of the series the soils approach those of the Koolau family of the 
Hydrol Humic Latosol group. 


Honolua silty clay, gently sloping phase (3 to 8 percent slopes) 
(H2x).—This essentially stone-free soil, the best of Honolua series, 
oceurs only on West-Maui. The profile in most places is typical of 
that described for the Honolua series,. but the unit includes small 
eroded areas where the red subsoil is within 3 or 4 inches of the surface 
and the weathered rock is encountered at 12 to 24 inches. These 
eroded areas have lost 12 to 24 inches of soil material, but have devel- 
oped a thin A, horizon in the B horizon. Solid rock cores are occasion- 
ally found within plow depth in these eroded areas. 

Most of this phase is used for grazing or forestry. About one-third 
of it was once in pineapple, but at the time of survey the small part 
still used for pineapple was considered submarginal. The soil is most 
productive of pineapple in very dry years, but under normal or exces- 
sive rainfall the fruit is small and sour and the total yield is low. 

When this phase is used for grazing, Hilograss is dominant in unim- 
proved areas. The principal grasses suitable for introduction are 
paspalum, kikuyu, Napiergrass, and Guineagrass. Behavior of 
pasture on similar soils indicates that this one would respond to heavy 
applications of lime and phosphate, but the economic return from such 
fertilization has not been determined. The yield of forage is very high, 
but the pastures are poor for fattening cattle. Apparently the grasses 
have low palatability and dry-matter content and in some places are 
probably deficient in minerals. The soil may be used as pasture for the 
breeding herd or as a source of reserve feed in dry years when forage 
on other parts of the ranches has been depleted. This phase is particu- 
larly well adapted to the use of machinery for control of guava and 
other noxious shrubs. 


Honolua silty clay, sloping phase (8 to 15 percent slopes) (H3a).— 
This red soil occurs on West-Maui. Its profile is essentially that de- 
scribed for the Honolua series. Most of the area is practically stone-free 
and is only slightly or moderately eroded. In a few places erosion has 
removed 12 to 24 inches of soil and left weathered rock within 15 to 
18 inches of the surface. At the time of survey, active erosion was 
more apparent in cultivated areas of this phase than in corresponding 
areas of the gently sloping phase. 

Like the gently sloping phase, most of this soil is used for grazing or 
forestry. In about the lower one-third of the Honolua belt, this soil 
wasatone time used for pineapple in association with the gently sloping 
phase. It was considered submarginal for pineapple, and the few 
areas still in production at the time of survey were scheduled for aban- 
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donment. This phase was most productive of pineapple in excep- 
tionally dry years. Jn normal years the fruit is small and sour, and the 
total yield is low. Data from the plantation indicate this soil is very 
low in both replaceable potassium and available phosphorus but that 
the total supply of nitrogen in the upper 12 inches is high. 

When this phase is used for pasture, the most common native species 
is Hilograss. The introduced species include the tall forage types such 
Napiergrass and panicums, and the sod-forming or creeping grasses 
such as the paspalums and kikuyu. The soil produces large amounts 
of forage that is low in palatability, low in total dry-matter content, 
and probably deficient in minerals. Most areas of this soil are asso- 
ciated with the gently sloping phase, so use for pasture is subject to 
the same limitations as were given for the gently sloping phase, and 
in addition steeper slopes make use of heavy machinery for eradicating 
or controlling guava more difficult. 


Honolua silty clay, eroded sloping phase (8 to 20 percent slopes) 
(H2w).-—This is a severely eroded soil on moderate to strong slopes. It 
occurs only on West-Maui. Throughout its area, erosion has removed 
1 to 2 feet of the original soil and left solid bedrock cores about 12 to 
24 inches from the surface. The profile is truncated but otherwise 
essentially as described for the Honolua series. All of the A, and most 
of the B; horizon have been lost. The lower part of the D; or Bs 
horizon is exposed, and in it has developed a thin A, horizon only 
moderately high in organie matter. Frequently there is an overwash 
of dark-colored material as much as 3 or 4 inches deep on the concave 
slopes. Except for a few small fragments and an occasional solid core, 
the plowed layer is stone-free. 

This phase occupies small isolated areas that are associated with 
areas of the uneroded sloping or the gently sloping phases of Honolua 
silty clay. It was used for pineapple in the same way as the soils with 
which it is associated. At the time of survey, only a few small areas 
remained in pineapple and they were even less well adapted to that 
crop than those with which they were associated. Yields were low 
and the fruit was small and very sour. 

When this soil is used for pasture, the species adapted to the une 
eroded sloping or gently sloping phases are appropriate. Kikuyu is 
probably the best, however, because it is aggressive and able to estab- 
lish itself quickly on these moderately strong and severely eroded 
slopes. Control of guava is even more difficult than on the associated 
phases. Use of machinery for its control or eradication is as difficult 
as on the sloping phase, and the cover of grasses generally is less dense 
and less able to compete with the various weedy shrubs that may 
encroach. It is on this type of land that one most commonly finds 
dense stands of guava in idle areas. 


Honolua silty clay, severely eroded phase (8 to 25 percent slopes) 
(H2z).—Mapped in this unit, regardless of slope, is soil that has lost 
practically all of itssolum. It generally consists of a very thin layer of 
the original B; horizon in which a 3- or 4-inch layer of A; horizon has 
developed. At depths of as little as 6 or 8 inches this grades to 
weathered bedrock that can be cut with a spade but retains its original 
structure. The soil is filled with half-weathered fragments and oc- 
casional resistant cores. Although the soil is shallow to bedrock, the 
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weathering product of the bedrock is soft, and the land can be culti- 
vated by machinery. 

This unit occurs only on West-Maui. At the time of survey, it was 
used with the associated uneroded phases but was recognized as 
greatly inferior for either pineapple or pasture. Like other areas of 
the Honolua soils in pineapple, it was scheduled for abandonment. 

Several pasture grasses are adapted to this vegetation zone, but 
kikuyu probably is best because this unit needs a grass that establishes 
itself quickly and is able to compete with guava and the various weeds 
normal for the area. Under the best of circumstances, control of 
guava is not easy. Machinery is hard to manage on these moderately 
sloping areas of this unit, and its less dense cover of grasses offers less 
competition to invading shrubs. Normally, abandoned land quickly 
reverts to & dense growth of guava or falce vervian in whieh only 
minor proportions of Hilograss and associated forage species remain. 
The soil is of small total extent and relatively unimportant in the 
agriculture of the Hawaiian Islands. 


Honolua silty clay, phases undifferentiated (3 to 25 percent slopes) 
(H2y).—In those areas that were surveyed in reconnaissance, no 
attempt was made to separate the Honolua soils according to various 
slopes or degrees of erosion. "This undifferentiated unit was mapped 
on the island of Lanai and on West-Maui above the limits of cultiva- 
tion. The unit consists of areas of all of the Honolua soils described 
pud in proportions that vary a great deal from one locality to 
another. 

These phases are used entirely for grazing or forestry. Their 
suitability for grazing varies according to conditions described under 
the headings of the various phases that make up the unit. In general, 
however, little or no effort has been made to improve the grass asso- 
ciation on this unit, and the species present are generally of low feeding 
value. Hilograss is the dominant species in most places. This unit 
is best used as pasture for the breeding herd, or for supplemental 
grazing during dry periods when the more nutritious grasses in drier 
areas are not available. 

PAALOA SERIES 


Soils of the Paaloa series occur on the western slope of the Koolau 
Range on the island of Oahu. The rainfall ranges from 70 to 100 
inches per year. Elevations range from 500 to 1,300 feet above sea 
level, and the soils are entirely in vegetation zone D,. The soils are 
characterized by a strikingly grayish A; horizon over a brilliantly red 
B horizon. They resemble other soils of the Honolua family in being 
fine-textured but very friable and slightly or weakly smeary when wet. 
They are strongly or very strongly acid throughout the solum and in 
most places have a firm layer in the middle of the B horizon. 

Modal profile of the Paaloa series: 

A: 0 to 9 inches, dark grayish-brown silty clay; strong medium granular 
structure; friable when moist, but weakly smeary when wet; pH 4.0 
to 5.0; roots very numerous. 

Bi 9 to 24 inches, red silty clay of weak fine blocky structure; friable when 
moist, but weakly smeary when wet; pH 4.0 to 5.0; roots numerous. 

B, 24 to 33 inches, red silty clay of moderate medium blocky structure; 
firm in place but friable to erush when moist; slightly smeary when 
wet; pH 4.0 to 5.0; few roots, 
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B: 33 to 42 inches, similar to B; but less firm or almost friable, in place, 
few roots. 

Ci 42 to 60 inches, red silty clay of weak medium blocky structure; friable 
when moist, but weakly smeary when wet; pH 4.0 to 5.0; few roots; 
clay surrounds soft highly weathered rock fragments. 

Ca 60 inches +, yellow, red, and gray soft weathered rock retaining original 
structure and enclosing solid rock cores; grades to solid bedrock at 
great depth. 

The soils are derived from basalt that has weathered in place. 
The underlying rocks are very deeply weathered. At depths of 3 to 5 
feet the weathered rock retains its structure but can be crushed 
between the fingers, and this continues to much greater depth before 
solid bedrock is reached. 

These soils vary principally in color of the A, horizon and in the 
degree to which the firm B»; horizon is expressed. Where these soils 
join soils of the Kahana family at lower elevations, the Ai is more 
reddish-brown than normal for the series. With increasing elevation 
and rainfall the Ai horizon becomes increasingly gray, and at the 
middle of the rainfall zone it is a. distinctly dark grayish-brown layer 
that rests on a sharply contrasting, brilliantly red B horizon. Near 
the upper limit of the Paaloa soils, the material becomes more smeary 
and approaches that of soils in the Koolau family of the Hydrol Humic 
Latosol group. The firmness of the D, horizon is generally most 
pronounced at the lower and middle altitudes and becomes less 
distinct near the upper boundary. The smeary consistence when wet 
is least pronounced in the driest part of the area and is most pro- 
nounced where these soils grade to the Hydrol Humic Latosols. 


Paaloa silty clay, gently sloping phase (2 to 8 percent slopes) (PA).— 
This is an uneroded, deep soil on gently sloping lands at the upper 
limit of pineapple production on the island of Oahu. It receives 70 
to 100 inches of rain per year and is subject to much cloudiness. ‘The 
variations of the soil profile are those described for the Paaloa series. 

This soil is well suited to cultivation, but climate limits its value 
for sugarcane or pineapple. Pineapple is grown in some parts of the 
area, but the fruit is small and sour and the yields are generally low. 
No sugarcane is grown. At the time of survey, it was noted that an 
appreciable part of the soil then in pasture had previously been in 
pineapple. It appeared that the area was being abandoned for 
pineapple, at least in those parts near Wahiawa. 

This soil may be expected to be very deficient in potassium and 
available phosphorus. Although high in total nitrogen before cultiva- 
tion, it requires nitrogen fertilizer for sustained yields under continuous 
cropping. 

The soil produces large amounts of pasture forage of low nutritional 
value. Apparently the forage is low in dry-matter content, and 
perhaps deficient in minerals. In experimental areas intensive 
application of lime and phosphorus to soils somewhat similar to this 
have given large increases in yields, but the feasibility of this for 
commercial pasture has not been established. 

Hilograss is dominant in pastures that have not been reseeded, but 
aspalums and kikuyu are well adapted for introduction. ‘These 
ow-growing, sod-forming or creeping grasses are generally favored 

over the taller forage grasses because they allow control of guava by 
periodic mowing. This soil is well adapted to the use of machinery, 
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both for controlling guava in established pastures and for eradicating 
guava and similar shrubs in preparation for the establishment of 
new pastures. 


Pastures on this soil are recognized as poor for fattening cattle. 
They are probably best used for the breeding herd, if necessary feed 
supplements are supplied, or as supplemental pasture for use during 
those periods when pastures in drier areas produce little forage. 

In a few areas avocados and papayas are produced, but at the 
time of survey the trees did not appear thrifty. It was not determined 
whether this resulted from the character of the soil and the climate 
or from methods of management. 


Paaloa silty clay, sloping phase (8 to 15 percent slopes) (Ps).—This 
soil occurs mainly as small areas associated with Paaloa silty clay, 
gently sloping phase, and is used in much the same way. Most 
areas are only slightly eroded or are uneroded, but in a few small areas 
near the upper parts of slopes most of the soil above the weathered 
rock material has been removed by erosion. Otherwise, the soil 
profile, and its variations, is essentially as described for the Paaloa 
series. 


Land use is similar to that for Paaloa silty clay, gently sloping 
phase. Part of the soil is in pineapple, but a considerably larger 
acreage once in pineapple is now used for grazing. Yields of pineapple 
are probably not significantly less than those obtained on the gently 
sloping phase, but yields are low on both, and the fruit is small and 
sour, 


When used for pasture, this soil is suitable for the same species as 
those listed for the gently sloping phase. Aggressive grasses such 
as kikuyu probably should have greater preference over paspalums 
than on the gently sloping phase. Control of guava and other shrubs 
is more difficult on this phase because its slopes make use of machinery 
moderately difficult. ‘This phase produces large amounts of forage of 
relatively low nutritional value. 


HALII SERIES 


In their main properties the soils in the Halii series are similar to 
other series of the Honolua family. Throughout their profile, however, 
they contain pea-sized pellets, which may be either iron concretions 
or iron-coated aggregates or rock fragments. The soils occur on the 
eastern side of Kauai at altitudes of 300 to 1,000 feet under an annual 
rainfall ranging from 70 to as much as 150 inches. "They are in 
vegetation zone D». The soils have thin solums that are strongly to 
very strongly acid throughout. 

Modal profile of the Halii series: 


An 0 to 5 inches, dark grayish-brown gravelly silty clay; strong medium 
granular structure; friable when moist, but weakly smeary when wet; 
pH 3.5 to 4.5; roots numerous; characterized by large amounts of 
pea-sized pellets consisting of a silty center coated with a crust of iron. 

Aw 5 to 12 inches, similar to An but brown or grayish brown; pH 4.0 to 5.0. 

B 12 to 21 inches, red silty clay; weak fine blocky structure; friable when 
moist but weakly smeary when wet; pH 4.0 to 5.0; roots numerous; 
commonly contains pea-sized pellets like those in the A horizon 

C, 21 to 42 inches, yellowish-red silty clay; similar to horizon B but con- 
taining soft weathered rock fragments. 
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C, 42 inches +, red, yellow, and gray soft weathered rock retaining original 
rock structure; soil material encloses solid rock cores and grades to 
bedrock. 

The profile is quite variable. In some places the grayish surface 
soil directly overlies moderately compact, gritty, gravelly material. 
Throughout most of the area, however, the A-B-C sequence of hori- 
zons typical of the Honolua family occurs, but pea-sized pellets are 
found in all horizons. "These pellets appear to consist of a hard crust 
of ironlike material surrounding a softer core. It was diffcult to 
determine the character of this central core. In some places the 
material inside the iron crust looked like highly weathered rock 
particles that seemed to retain the original rock structure. In others 
it was a silty material resembling an aggregate of the soil. Possibly 
two distinct conditions have been included in the area as mapped. 

The amount of these small gravelly pellets is greatest near Kilohana 
crater. In those areas associated with soils of the Haiku series the 
number of small pellets is less, and they have mainly the siltlike 
instead of rocklike centers. 

Near Kilohana crater there are a few areas that vary considerably 
from normal for the Halii series. 'These are included level areas 
that hold water on the surface for a considerable time after rains. 
The surface soil is gray or pale gray in such areas, and the subsoil 
shows some mottling. This is a minor inclusion. 


Halii gravelly silty clay, gently sloping and sloping phases (3 to 15 
percent slopes) (IIw).-—T'hese are gently sloping or sloping phases in 
regions that receive 70 to 150 inches of rain per year. Most of the 
areas are slightly or moderately eroded but have a soil profile and 
profile variations essentially as described for the Halii series. Areas 
have been included, however, where weathered bedrock occurs within 
plow depth. Generally there are few stones or boulders on the surface, 
but the soil is uniformly gravelly. In uncultivated areas the imme- 
diate surface layer is extremely acid; pH values as low as 3.5 were 
recorded. 


These phases are used principally for pasture, but in some places 
cane extends into the area. The cane is grown without irrigation. 
Although the cane-producing areas are in the driest part, the rainfall 
is more than 70 inches and the area is subject to much cloudiness. 
Intensive use of complete fertilizer is necessary. The soils may be 
expected to be consistently low in total potassium and available 
phosphorus. Their total supply of nitrogen is moderately high, but 
nitrogen fertilizer is required for good yields under ‘continuous 
cropping. 

The pastures produce forage of generally low in palatability, dry 
matter, and mineral nutrients. A moderately large area has been 
planted to carpetgrass, but Hilograss is dominant on a considerable 
part of the area. Yellow foxtail is prominent in many places and 
apparently tends to replace other grasses. Kikuyu probably is one of 
the best introduced species, though it is less palatable than the 
paspalums. Guava soon infests pastures if not controlled. Eradica- 
tion or control of guava is generally less diffcult if pastures are planted 
to kikuyu or other sod-forming or creeping grasses than if planted to 
tall grasses such Napiergrass and panicums. 
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In forested areas pandanus, ohia, and kukui are prominent. In 
cleared areas left idle, guava and various kinds of ferns are dominant. 


Halii gravelly silty clay, eroded moderately steep phase (12 to 30 
percent slopes) (Hn).—This soil is severely eroded. In most places 
the surface layer consists of a mixture of weathered rock and fine 
earth in which a horizon of moderately high organic-matter content 
had developed. All of the original A and most or all of the original B 
horizon have been lost. Large numbers of the small pellets character- 
istic of the Halii soils occur on the surface. 

Most of the soil is used for pasture or lies idle. In idle areas guava 
is associated with various kinds of ferns. In pastures the most 
prominent species is yellow foxtail or, in some places, Hilograss. 
Pasture management is difficult because slopes seriously restrict the 
use of machinery in eradicating or controlling the noxious shrubs. 
Also, the eroded condition of the soil detracts from the vigor of 
introduced grasses. Although paspalums, kikuyu, and the tall forage 
species such as Napiergrass and panicums are adapted, this soil is 
probably better for kikuyu, as this grass is better able to compete with 
weeds and shrubs on such strongly eroded slopes. A moderate 
amount of forage low in dry-matter content and generally not so 
palatable as that grown in drier zones is produced. ‘This forage is 
also likely to be low in minerals. Areas of this soil are used as 
pasture for the breeding herd or to supply supplemental feed when 
dry weather limits the amount of forage in drier areas. Where this 
soil occurs in large areas, its best use may be forestry. 


KAILUA SERIES 


The Kailua series, represented in this survey by one mapping unit, 
occurs in the wettest part of the Humic Latosol region and is tran- 
sitional to the Hydrol Humic Latosol group. The soil is characterized 
by clays that are strongly smeary when wet, and in this it contrasts 
with other soils of the Honolua family. The soil occurs on the islands 
of Maui and Hawaii under a rainfall of 100 to 150 inches per year at 
elevations ranging from sea level to 3,000 feet. It is entirely in 
vegetation zone D,, but is near the boundary between this zone and 
vegetation zone Dp. . . 

Modal profile of the Kailua series: 

Aj: 0 to 3 inches, grayish-brown weakly granular smeary silty clay; pH 
4.0 to 5.0 

Ap 310 10 inches, grayish-brown moderately granular silty clay; firm when 
moist, but strongly smeary when wet; pH 4.0 to 5.0; roots very numerous. 

B 10 to 21 inches, reddish-brown or yellowish-red silty clay; moderate 
medium blocky structure; friable when moist, but strongly smeary when 
wet; pH 4.0 to 5.0; roots numerous. 

B: or C4 21 to 50 inches, reddish-brown or yellowish-red silty clay; moderate 
medium blocky structure; friable when moist, but strongly smeary when 
wet; pH 4.0 to 5.0; similar to the B horizon but contains soft weathered 
rock fragments that retain the original rock structure. 

C» 50 inches +, yellow, red, and gray weathered rock that is soft but retains 
the original rock structure; weathered rock encloses solid rock cores; 
grades to bedrock at depths greater than 6 feet. 

There is considerable variation of the profile from the regions of 
lowest to those of highest rainfall. At the lowest elevations, where 
rainfall is least, the entire A, horizon is strongly granular, and the 
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clays of the solum are only moderately smeary when wet. With in- 
creasing elevation and rainfall, the upper 3 or 4 mches of the A, horizon 
becomes a grayish mushy layer with a weak granular structure and a 
very high organic-matter content, and the clays of the B horizon be- 
come strongly smeary. The soil has a slight tendency to dehydrate 
irreversibly, as do the soils of the Hydrol Humic Latosol group. 

Depth to weathered bedrock varies considerably from place to place. 
Most of this soil occurs in the region mapped in reconnaissance, and 
no attempt was made to differentiate on the basis of depth of soil. 
The region in which it occurs typically consists of the moderately 
sloping sides and narrow tops of ridges, which are separated by deep 
drainageways. The deepest soil occurs on the tops of the ridges; the 
shallowest is generally on the moderately sloping sides above the very 
steep slopes adjacent to the streams. 


Kailua silty clay, sloping phase (3 to 15 percent slopes) (Kq).—The 
soil profile and its variations are those described for the Kailua series. 
Most areas are only slightly eroded or are uneroded, but a few have 
lost 12 to 18 inches of soil material. The soil is mostly in forest or 
pasture; little of it has ever been cultivated for any extended time. 
The rainfall allows very heavy growth of vegetation that controls 
erosion. 

Some of the smoother areas were once used for pineapple but all of 
those have been abandoned for that crop and most of them are now in 
pasture. Pasture and forest are the two uses of the soil at present. 
Hilograss is dominant in most pastures, but some have been improved 
by introduction of other paspalums or kikuyu, which are well adapted. 
Tall forage species such as Napiergrass and Guineagrass and other 
panicums are also suited. Both the tall and short kinds of grasses 
produce large amounts of poor-quality forage that is low in palata- 
bility, low in total dry-matter content, and probably low in mineral 
constituents. 

The soil is very depleted of bases and low in available phosphorus. 
Its total supply of nitrogen is high, but the tall forage grasses may 
respond markedly to nitrogen fertilizer. Heavy applications of lime 
and phosphate to similar soils have increased yields. The economic 
feasibility of fertilizing pastures in ranching areas has not been proved. 

Pastures on this soil, when supplemented with the proper feeds, 
are valuable for the breeding herd, and for reserves against the times 
when pastures in drier areas are short. They are poor for fattening 
cattle. Throughout the area, guava ia a noxious shrub that infests 
pastures; it may become so dense as to exclude almost all other plants 
except ferns. Most areas of this soil used for pastures are suited to 
machine eradication or control of shrubs. 

Tn forested areas ohia lehua is dominant at upper altitudes and occurs 
to some extent at all elevations of this soil. Hala and kukui are abun- 
dant, especially in those areas nearest sea level. Commercial produc- 
tion of rubber was tried on this soil, but the plantation was not 
successful, 

MAKAWAO SERIES 


Soils of the Makawao series are confined to the vicinity of Makawao 
on Haleakala, island of Maui. They are red soils with characteristics 
similar to those of other soils in the Honolua family. They are derived 
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from residuum of rocks that have weathered in place. This residuum 
is moderately to strongly influenced by volcanic ash, and the material 
for Makawao soils has less bulk density than other soils of the Hono- 
lua family and also has a consistence more nearly that of a silty clay 
loam. The soil texture has been called a silty clay loam, but by 
mechanical analysis it would undoubtedly analyze as silty clay, or 
perhaps as clay. 

The soils occur under rainfall ranging from 80 to 150 inches per year 
at elevations of 1,200 to 2,750 feet. They are mainly in vegetation 
zone D,, but occur in a transitional region where four vegetation zones 
join. The soils occur on the northwestern side of a large mountain, so 
precipitation within the area increases not only with elevation but 
also from west to east. On the western side of the area, the soils 
extend slightly into vegetation zone C, at the lower limit and into 
vegetation zone C, at the upper. On the eastern side of the area, 
vegetation zone D, includes the greater part of the area, but the soils 
extends slightly into vegetation zone D;. 

These soils are strongly acid throughout the solum and generally 
are more acid in the subsoil than in the A, horizon. They are red and 
very friable when moist but weakly smeary when wet. They are 
exceptionally open and porous; when a bank of Makawao soil dries 
it tends to form scalelike dehydrated particles characteristic of soils 
derived from volcanic ash. 


Modal profile of Makawao series: 


A; 0 to 9 inches, reddish-brown silty clay loam of strong medium granular 
structure; friable when moist, but weakly smeary when wet; pH 4.0 
to 5.5; roots very numerous. 

B, 9 to 30 inches, yellowish-red silty clay loam; weak to moderate fine or 
medium blocky structure; friable when moist, but weakly smeary when 
wet; pH 4.0 to 5.0; roots numerous. 

B or Cy 30 to 48 inches, yellowish-red silty clay; moderate medium blocky 
structure; friable when moist, but weakly smeary when wet; pH 4.0 
to 5.0; roots present; contains soft weathered rock fragments. 

2. 48 inches +, yellow and brown weathered rock, soft but retaining 
original structure; weathered material surrounds unweathered rock 
fragmenta, horizon grades to solid bedrock at variable depths below 

feet. 


The influence of volcanic ash inereases from lower to higher eleva- 
tions. At the westernmost limit of the series the soils grade to the 
Waimea soils of the Reddish Prairie group and are slightly less acid, 
more strongly influenced by volcanic ash, and darker colored in the 
A; horizon. At the upper altitude limit, the influence of volcanic 
ash is very strong and the soils grade into the very dark-colored 
Latosolic Brown Forest soils of the Olinda series. Eastward and at 
lower elevations they grade into the Kailua soils of this same family, 
and immediately below Makawao they grade into soils of the IIahi- 
maile series of the Kahana family of the Low Humic Latosol group. 
Thus, the Makawao soils represent a relatively small tract within 
which the soils of four major groups, the Low Humie Latosols, Humic 
Latosols, Reddish Prairie, and Latosolic Brown Forest soils meet. 
The range within this transition zone has been held as narrowly as 
feasible, but considerable variation within soils of the Makawao 
series is to be expected. The University of Hawaii’s vegetable-crop 
experiment station is located on these soils. 
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Makawao silty clay loam, gently sloping phase (3 to 8 percent 
slopes) (Ms).—This is a gently sloping soil of the Makawao region 
in the island of Maui. Most areas of it are only slightly or mod- 
erately eroded and have few or no loose stones on the surface. The 
soil profile and its variations are those described for the Makawao 
series. The content of organic matter is high. For the most part 
the soil is not so completely depleted of bases as others of the Honolua 
family, but rather wide variation in this respect must be expected. 
Generally the soil is deficient in available potassium and phosphorus 
and, although high in total nitrogen, requires nitrogen fertilizer under 
continuous cropping. The soil is mainly strongly acid, but where it 
grades to the Reddish Prairie soils its A, horizon may be nearly 
neutral in reaction. 

The soil is used for pineapple, vegetable crops, and pasture. It 
is subject to moderate cloudiness and is marginal for pineapple pro- 
duction. The fruit is generally smaller and more sour, and yields 
are normally less than on soils in drier regions. If properly fertilized, 
the soil is productive of vegetable crops, although not inherently so 
fertile as those near Kula on the island of Maui, where the greatest 
part of the vegetables on this island are produced. 

The soil produces large yields of forage subject to the same limita- 
tions of palatability and nutritive value as that grown on other soils 
of the Honolua family, though perhaps not to quite so great a degree. 
Hilograss is dominant in unimproved areas. Other paspalums are 
among the more important grasses used in pasture that have been 
reseeded, but the soil is also well adapted to the tall forage species 
such as Napiergrass and panicums. Pastures on this soil appear to 
be most valuable when used for the breeding herd or as supplemental 
pastures when the drier areas are producing little forage. The breed- 
ing herd should be provided with supplemental feed when pastured 
on this soil, 

This soil is exceptionally well suited to the use of machinery either 
for control of shrubs, such as guava, in pastures or for cultivation 
of land that is used for crops. Its gentle slopes are generally quite 
uniform and favorable for the use of heavy equipment. 

Makawao silty clay loam, sloping phase (8 to 15 percent slopes) 
(Mr).—The profile of this soil is in most places essentially the same 
as that described for the Makawao series and has the same range of 
variations. In addition, however, it has two special conditions. 
First, in a number of places, the soil is severely eroded. These small 
eroded areas occur on the steepest parts of cultivated land. The A, 
horizon in these eroded places is commonly thinner than normal, and 
the total depth to weathered rock material is generally 15 or 18 
inches. In a few places where erosion has been most severe, mainly 
on the steepest slopes, the stony C horizon may be plowed up. 

Second, in a small area, the soil is apparently uneroded but never- 
theless shallow over bedrock. This area probably is on younger lavas 
than those underlying most of the soil. In these shallow places the 
bedrock is not so deeply weathered and solid rock commonly occurs 
within a depth of 2 feet. The topography of the shallow area is 
commonly not only moderately sloping toward the sea but is also 
complex in contrast to the relatively uniform slopes for most of the 
rest of the soil. 
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Makawao silty clay loam, sloping phase, is used in much the same 
way as the gently sloping phase with which it is associated. Tt occurs 
mainly as small areas scattered throughout the region of Makawao 
soils. Where large areas of land are used as a unit, this soil is cropped 
with the gently sloping phase and receives the same cultural practices. 
In the vegetable-growing areas, the cropland is commonly confined to 
the gently sloping phase, and such areas of this phase as may occur are 
either used for pasture or are idle. In a few places vegetables are 
produced, Like the gently sloping phase, this soil must be considered. 
marginal for pineapple production, not so much because of the nature 
of the soil itself as because of the climatic region within which it occurs. 

This soil produces a large amount of forage generally somewhat 
lacking in palatability and low in dry-matter content. Particularly 
for the eroded places, kikuyu, in spite of being less palatable than 
paspalums, is probably the best of the common introduced short 
grasses because it is aggressive. Paspalums grow well on this soil but 
are less able to compete with guava and similar shrubs and weeds that 
tend to encroach. Periodic clipping of any kind of pasture is necessary 
for control of these shrubs. Tall forage species such as Napiergrass 
and panicums are therefore generally less suitable, though they pro- 
duce large amounts of feed. If used for vegetables, this soil should be 
cropped strictly on the contour and terraced to control runoff and 
erosion. The bare land is subject to serious erosion. 


KEANAE SERIES 


The Keanae series is represented by one soil type—Keanae silty 
clay loam. The soil occurs only in the Keanae Valley on the island of 
Maui and is representative of soils derived from moderately old 
alluvium in the wet regions. Rainfall ranges from 80 to 150 inches 
per year, and the soil is entirely within vegetation zone D,. The 
alluvium is old enough to have developed a soil with characteristics 
typical of those of the Honolua family, but it is not so old as the 
alluvium from which soils of the Wailuku series and Waikapu series 
of the Low Humic Latosol group are developed. This is evidenced 
by the presence of solid cores in the gravel immediately underlying 
the solum; such cores are absent in the more highly weathered mate- 
rials of the Waikapu and Wailuku series. 

Modal profile of the Keanae series: ? 

An 0 to 4 inches, dark grayish-brown strongly granular silty clay loam; 
pH 4.0 to 5.5. 

As; 4to 10 inches, brown silty clay loam; strong medium granular structure; 
friable when moist but weakly smeary when wet; pli 4.0 to 5.5; roots 
very numerous. 

B 10 to 24 inches, yellowish-red silty clay loam; weak fine blocky structure; 
friable when moist but weakly smeary when wet; pH 4.0 to 5.5; roots 
numerous. 

C, 24 inches -+, poorly assorted weathered alluvium; consists of yellow and 
brown smeary silty clay loam surrounding pieces of gravel that have 
soft, weathered shells but solid cores; continues to great depths. 

The extent of this soil was once considerably greater, but much of 
it has been buried under lavas of the relatively recent Hana volcanic 
series. The two areas that remain exist as *' Kipukas" surrounded by 
lava on which very shallow soils from more recent alluvium exist. 


? Keanae silty clay loam. 
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The soil is relatively unimportant in the agriculture of the Hawaiian 
Islands both because of its limited extent and limited use. It is used 
mainly for pasture or forestry, but near the seacoast a small part of it 
is used for subsistence crops and taro for sale. These flooded areas 
in taro have been included because of limitations imposed by the scale 
of mapping, but their profiles are more like those of the Hauula paddy 
soils than that of the normal Keanae silty clay loam. 


Keanae silty clay loam (0 to 5 percent slopes) (Kx). soil 
profile is that described for the series; the greatest variation is found i in 
those few small included areas that have been flooded for taro. Be- 
cause mapping of this area was on a reconnaissance basis, the bound- 
aries separating this deep soil from the areas shallow over lava are not 
everywhere precise, and a few small areas of shallow soil may have 
been included or small areas of deep soil may have been omitted. The 
vegetation is extremely dense, especially in those parts far from the 
seacoast, so plotting of boundaries on a reconnaissance basis is ex- 
tremely difficult. 

A very large part of the total area is forested with hala, kukui, 
pandanus, and their associates. In areas that have been cleared and 
abandoned, extremely dense stands of guava, associated with staghorn, 
amaumau, and Boston ferns, are dominant. In the areas that are 
used for grazing, Hilograss is dominant in many places, but carpetgrass 
occurs in parts of the area, and also a number of other grasses, sedges, 
and herbs. The trailing honohono forms dense mats of vegetation 
that in places exclude practically all other species. Sensitiveplant is 
present in abundance. The area generally gives the appearance of 
being little used except in those places near the seacoast where it is 
in subsistenee crops or taro. 


SOILS OF THE PAAUHAU SERIES 


The Paauhau series consists of reddish-brown Humic Latosols 
derived from volcanic ash. Tt occurs at elevations below 1,000 feet on 
the Hamakua coast of the island of Hawaii and considered alone in this 
report because no other series is sufficiently like it to form a family 
group. The annual rainfall ranges from 60 to 80 inches per year, and 
the soil series is entirely within vegetation zone D}. 

Soils of the Paauhau series have well-dev: eloped granular A, horizons 
like those of other Humic Latosols. They are the soils derived from 
volcanie ash that occur in the driest part of the regions occupied by 
the Humic Latosols. Like other soils derived from volcanic ash, the 
outstanding characteristics of Paauhau soils are low balk density and 
extremely high porosity. In these and associated characteristics such 
as consistence, they differ from soils in the same climatic zone that were 
derived from alluvium or from rock weathered in place. Climate for 
the Paauhau series is in many respects similar to that for the Kaneohe 
series, which is also in the Humic Latosol group. 

Modal profile of the Paauhau series: 

A; Oto 9 inches, dark reddish-brown silty clay loam; strong medium granular 
structure; very friable when moist and friable when wet; pH 5.5 to 6.5; 
roots very numerous. 

B; 9 to 24 inches, reddish-brown silty clay loam; weak fine blocky structure; 
very friable (mealy) when moist, and friable when wet; pH 5.5 to 6.5; 
roots numerous, 
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B2 24 to 42 inches, reddish-brown to yellowish-red silty clay loam; moderate 
fine blocky structure; moderately firm in place but crushes to friable 
mass when moist; weakly smeary to friable when wet; pH 5.8 to 6.8; 
roots present. 


C 42 inches +. weathered volcanic ash of variable color ranging from 
grayish brown to reddish brown; friable silty clay loam; pH mainly above 
6.0; rests on slightly weathered bedrock at depths mainly greater than 
4 feet; in shallow phases bedrock may occur at 12 to 86 inches and replace 
the Be and C horizons. 

Data by Ayres (7) indicate that the surface soil of the Paauhau 
series has a cation-exchange capacity of about 50 milliequivalents per 
100 grams, and that slightly more than half of this capacity is ac- 
counted for by organic matter. Considering the organic matter and 
the fact that mechanical analyses would show these soils to be clays, a 
low exchange capacity is indicated for the mineral fraction. The pH 
values for such surface soils are generally 6.0 or slightly below, and 
determinations made by conventional methods indicate that the 
surface soil and subsoil are slightly more than one-third base saturated. 
Of these bases, calcium constitutes far the greater part, but the per- 
centage of exchangeable potassium is relatively high. Plantations 
report that the total supply of phosphate is generally high but that its 
availability to plants is variable. 

Some of the principal variations in the series are associated with 
elevation, and with rainfall that increases with elevation. Near their 
upper limit the Paauhau soils grade into soils of the Kukaiau series, and 
the materials, instead of being friable when wet, become slightly 
smeary. This smeariness is characteristic of soils of wetter regions. 
Also, the surface soil becomes somewhat darker and takes on a more 
grayish tinge as elevation and rainfall increase. "The series shows 
variations in stoniness, depth, and slope. Various types and phases 
of the series are mapped to show these variations. 


USE AND MANAGEMENT 


Judging from elevation and sunlight, these should be among the 
better soils on the island of Hawaii for sugarcane, but yields fail to bear 
this out where the soils are not irrigated. The soils occur where rain- 
fall is about minimum for production of cane without irrigation, but 
droughts are common. The precipitation is less than 3 inches per 
month for 1 or 2 months of the year, and more than 5 inches per month 
for 6 to 8 months of the year. In any given year, however, rather 
extensive dry periods inay occur. Although these soils are subject to 
more cloudiness than those used for sugarcane in the very dry regions 
on the islands of Oahu, Maui, and Kauai, they are near the coast, 
where cloudiness is much less common than in areas with only slightly 
higher elevations. Considering amount of sunshine, yields of sugar 
should be higher than on other soils on the Hamakua coast if irrigation 
is practiced. 

Compared with other soils of the Humic Latosol group, the Paauhau 
soils are relatively well supplied with potassium and calcium. Phos- 
phorus availability varies considerably within the area, but the soils 
usually fix large amounts of phosphorus in forms not available to 
plants. The total supply of nitrogen is moderately high, but the soils 
require nitrogen fertilizer if cropped continuously. The better soils of 
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the series must be considered good for sugarcane, and they are used 
principally for that crop. 

Although practically all of the Paauhau series is used for sugarcane, 
it has a suitability for pasture similar to that for soils of the Kaneohe 
family. Hilograss is the dominant grass, but other paspalums and 
kikuyu are well adapted for introduction, as are also the tall forage 
species such as Napiergrass and Guineagrass. Guava tends to invade 
both idle areas and pastures. Provision must be made for controlling 
it in pastures. Control is easily accomplished on the more gently 
sloping soils by periodie mowing. On the gently sloping and sloping 
phases heavy machinery can be used to eradicate established stands of 
guava. 


Paauhau silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Pp).—This is the best soil of the Paauhau series for almost any use. 
The profile varies considerably from that described for the Paauhau 
series. In most areas there as been some accumulation of surface 
wash; consequently, the dark-colored surface lgyer is high in organic 
matter, and generally considerably deeper and darker, and more 
mellow than normal. This layer is some places may be as much as 
24 inches thick. The amount of organic matter is considerably greater 
than in the sloping phase and it contributes to the ability of the soil 
to hold plant nutrients, especially bases. 

This soil occurs in small areas and is cropped with adjacent more 
strongly sloping soils, but the plantation operators recognize that it 
produces more cane than the soils with which it is associated. Man- 
agement practices are the same for this soil as for its associates. It 
has been suggested that this soil would be better for truck crops than 
other soils of the area because of its favorable physical condition, 
accumulation of organic matter, and location where water accumu- 
lates, or at least does not run off rapidly. 


Paauhau silty clay loam, sloping phase (5 to 15 percent slopes) 
(Pz).— This is the normal soil of the Paauhau series. It makes up 
the major part of the area occuped by Paauhau soils. Its profile is 
essentially that described for the Paauhau series. It is recognized as 
one of the better sugarcane soils on the Hamakua coast and is used 
almost entirely for that crop. The slopes cause slight difficulty in 
the distribution of irrigation water and use of machinery. The effect 
of the percentage of slope is minimized because the slopes are quite 
uniform. The handicap to cultivation is greater than on the gently 
sloping phase but not seriously limiting. 

This soil requires heavy fertilization under the continuous cropping 
practiced, but it is relatively better supplied with bases, particularly 
caleium and potassium, than are most other soils in regions of similar 
rainfall. It has the ability to fix phosphorus in unavailable forms 
quickly after application. 

This soil should be well adapted to pasture and to various truck 
crops and fruits, including macadamia nuts. Pastures in this vegeta- 
tion zone are generally inferior to those in dry regions for fattening 
cattle, but this and the other Paauhau soils are among the best in the 
zone for pasture. 


Paauhau stony silty clay loam, sloping phase (5 to 15 percent slopes) 
(Pr).—The profile of this stony soil is generally similar to that de- 
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scribed for the Paauhau series, but it probably averages slightly shal- 
lower to bedrock than is normal for nonstony Paauhau silty clay loam. 
Loose rock on the surface and mixed throughout the soil seriously 
interferes with but does not prohibit mechanized cultivation and 
harvesting. Stones are particularly troublesome in the methods of 
mechanical harvesting now used for sugarcane, as some of the loose 
fragments are taken to the mill in the harvested cane. 

The plantation management does not recognize a significant differ- 
ence in crop yields between this phase and the sloping phase of 
Paauhau silty clay loam, but it does recognize that the stoniness 
markedly increases cost of production. Practices of fertilization are 
similar on the two soils. The handicap imposed by slope is not se- 
verely limiting but is increased by the loose stones on the surface. 
Stoniness and slope handicap production of truck crops and the con- 
trol of guava in pastures. Probably slope and stoniness would be 
least important for such crops as macadamia nuts, which should be 
well adapted to this vegetation zone. 


Paauhau series, steep phases (25 to 50 percent slopes) (Pc).— This 
unit consists of all the steep solls of the Paauhau series. It occurs 
mainly in steep-sided drainageways, on steep slopes adjacent to the 
precipitous walls of the larger gorges, and in small narrow areas oriented 
parallel to the contour of the land where the underlying lava. flows 
cause steep slopes. Because of the steep slopes, tillage must be done 
mainly by hand. 

The soil varies in depth, but it is usually shallow, or only 1 or 2 feet 
deep to the slightly weathered lava bedrock. 

A few small areas occurring among tracts of better soil are cultivated, 
but they are marginal or submarginal. Most of the area is idle and 
covered with a dense stand of guava and other shrubs and weeds. A 
very small proportion is pastured. Most pastures on this mapping 
unit are poor; they consist mainly of yellow foxtail, some Hilograss, 
and a considerable amount of guava and other shrubs. Steep slopes 
make it almost impossible to use machinery for controlling the guava. 


SOILS OF THE OOKALA FAMILY 


Soils of the Ookala family have the low bulk density and consistence 
characteristic of soils in wet areas that have developed from volcanic 
ash. They are confined to a belt that parallels the Hamakua coast 
of the island of Hawaii. This belt begins at sea level at Hakalau and 
extends to an elevation of slightly less than 1,000 feet at that point. 
From Hakalau it stretches northwestward along the coast until it 
intercepts the belt of Paauhau soils.in the vicinity of Kukaiau; it 
then swings upward above the Paauhau soils and extends on north- 
westward to Waipio Day. The upper altitude limit gradually in- 
creases throughout the extent of this family and reaches a level 
between 1,500 and 2,000 feet at Waipio Bay. This family receives 
70 to 150 inches of rainfall a year. It is entirely within the vegetation 
zone Di, as defined in the section on Soils and Vegetation. 

Soils of this family, like others of the Humic Latosol group, have a 
strongly developed, highly granular A; horizon over a red or reddish- 
brown B horizon. They are more highly leached than the soils of the 
Paauhau series; both bases and silica have been reduced to low levels 
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by leaching. The pH values are correspondingly lower; they range 
from 4.5 to 6.0 in the A, horizon and generally are slightly higher in 
the B horizon. The higher pH in the B horizon apparently indicates 
that leaching is stil] progressing and that the soils have not reached 
the stage of development characteristic of those derived from rocks that 
have weathered in place. The materials from which soils of the 
Ookala family have developed are relatively younger than those of 
most soils of the Honolua family. The relationships of soils of the 
Ookala family to other soils of the Humic Latosol group are shown 
in table 17 in the section on Relationships Among Soils of Hawaii. 

Data by Ayres (f) indicate that the soils of the Ookala family 
differ from the soils of the Paauhau series in the kind of clay, the 
amount of organic matter, and the degree of leaching. The cation- 
exchange capacity of the soil is generally slightly lower. It ranges, 
for the most part, from 40 to 50 milliequivalents per 100 grams. Of 
this capacity, the part attributable to the mineral fraction ranges 
from 12 to 24 milliequivalents per 100 grams, or somewhat less than 
half of the total, This is a smaller proportion than in the mineral 
fraction of Paauhau soils. The rest of the exchange capacity is 
attributable to organic matter. The surface 6 inches of virgin soils 
is commonly 15 to 20 percent organic matter, and has a carbon- 
nitrogen ratio near 15. The percentage of organic matter in the 
surface layer has been reduced under cultivation but still is more than 
10 percent throughout most of the area. The B, horizon commonly 
averages nearly 10 percent organic matter, though this is not apparent 
from observation of the soils in the field. Calcium is by far the 
most abundant cation among exchangeable bases; it represents some- 
what more than one-fifth of the total calcium oxide in the soil. Ex- 
changeable potassium is also relatively more plentiful in these soils 
than in Humic Latosols derived from rock weathered in place. 

Table 58 shows the relationships among soil series of the Ookala 
family. All the soils of the Ookala family are derived from volcanic 
ash. They may be differentiated into two major groups. This first 
group has a friable to very weakly smeary subsoil when wet. These 
are the soils in the driest part of the vegetation zone, or at the lowest 
elevations. 'The second group has & distinctly smeary subsoil; it 
represents soils in the wettest part. Two soil series belong to the first 
group, the Ookala and the bata, The Ookala has a B horizon 
that is moderately compact in place, whereas the Kukaiau has a 
friable subsoil. Two series are also in the second group, the Niupea 
and the Wailea. The Niupea series, in the drier region, has weakly 
smeary materials and a very slight tendency to form aggregates that 
dry irreversibly. The Wailea series occurs in the wettest part of the 
region; it has moderately smeary materials and a moderate tendency 
to form aggregates that dry irreversibly. 

The four series represent a sequence from driest parts of the area 
to the wettest. Degree of leaching, inertness of the clays, and ten- 
dency for the clays to dry irreversibly increase as soils of this group 
approach soils of the Hydrol Humic Latosol group. 

To place these series geographically, the Kukaiau series, in general, 
occupies a belt at medium elevations above soils of the Ookala series; 
it occurs at the northwestern end of the Hamakua coast. The 
Ookala series occupies the coastal belt in the middle of the area occu- 
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TaBLe 58.—Key, modal profile, and 


| Moda! profile 


Horizon Color (moist) 
i j 
Key Series | Range in depth 
Let- | to— Texture 
Ne S| Name Munsell 
bol | Upper | Lower 
limit | limit 
| 
i 
A, Subsoils friable | 
when wet: | | Inches | Inches 
1. Bi horizon not Ar | 0 6-12 | Dark reddish 5YR 3/2-3/3.| Silty clay 
compact in | brown. loam, 
place (more | Bı | 8-12 | 18-24 | Reddish SYR 4/3-4/4. |... ..d0......... 
friable than | Kukaiau, brown. 
thatof —— | ——  ||*Bs | 18-24 | 36-54 |..... doc ecce BYR 4/4-5/4 |... C CON 
Ookala series | Yellowish-red weathered ash mixed with 
when wet). | Weathered bedrock; yellow soft shells around 
2. By horizon | Dark maa 5YR 3/2-3/4. Bilty ay 
moderately | na ` 
p | f Reddish LEYR Jj do. cous! 
compact in | brown. 4/4-5/4. 
place (less — | Ookala do... 25YR do 
friable than i Sr CECI A MN diia MED 4/4-5/4, | 
haror ee Yellowish-red weathered ash mixed with soft 
when wet) Soft weathered bedrock containing many 
iain $ Unweathered basalt_.....-.....------------.--- 
B. Subsoils smeary 
when wet: 
Dark reddish SYR 3/3-3/4_; Silty clay loam 
|. brown. I 
1, Weakly smeary; | Reddish brown | 5YR 4/3-4/4.|.... do... 
slight tenden- | i 
ey for aggre- | Niupea. Incem T; (PME 25YR 4/4 — |..... do..-.-.-- 
gates to dry | 5/4. 
irreversibly. Yellowish-red mixed weathered ash and rook. 
Soft weathered bedrock containing many unwea 
| Unweathered basalt__.......------......-------- 
Brown... 7.5YR 4/2- | Silty clay loam. 
2. Moderately | 4/4. | 
smeary; mod- Reddish brown.| 5Y R 4/3-4/4. |... p aaa 
erate tenden- Wailea. pene do. uunc 25YR4/4 |... do. soul 
ey for aggre- e { 5/4. 
gates to dry | Yellowish-red mixed weathered ash and rock... 
irreversibly. Soft weathered bedrock containing many unw 
Unweathered basalt... --....--.------------- 


*May be partly or entirely absent where bedrock oceurs at shallow depths, as indieated by the range 
in depth to the D horizon. 


pied by the family, and the Niupea series the upper elevations in this 
same middle part. Finally, the Wailea series occupies the coastal 
belt at the southeasternmost limit of the family. Within the region 
occupied by this family, rainfall inereases both with elevation and 
with distance from northwest to southeast. In each locality the high- 
est lying soil of this family adjoins the driest part of the region occu- 
pied by the Hydrol Humic Latosols. 


USE AND MANAGEMENT 


Those soils of the Ookala family that have favorable topography, 
depth, and condition of stoniness are well suited to sugarcane without 
irrigation. (See table 59.) They are subject to considerable cloudi- 
ness, which reduces yields of sugar, and are generally inferior to 
similar soils of the Paauhau family in this respect. Without irrigation 
of the Paauhau soils, however, the highest yields are obtained on 
soils of the Ookala family, apparently because of better distribution 
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environment of soil series of the Ookala family 


Modal profile—Continued Environment 
~ | 
Consistence 
| Annual Vege- 
Strueture pH Island , rain- | Elevation | tation 
Wet Moist fall zone 
| 
| — -— «— 
g : Inches Feet 
Strong medium Friable......... 
granular, 
Weak fine blocky.|....- do... rosse | 
i Hawaii..| 70-100 | 250-2,000 | Di. 
M do..........-.] Weakly smeary..|.- 
weathered bedrock that contains a few | 
hard rock eorea. ..... = | 
Strong medium i 
granular. 
Weak fine 
blocky. 
PNE do............|] Weakly smeary.|.....d0...........|D. 0-6. 8 | JHawaii..|100-120 0-1,200 | Di. 
weathered rock fragments 
unweathered rock fragments. 4 
i Strong medium..| Weak smeary...| Friable ......... 4. 5-5. 3 i 
| granular. | 
| Weak fine blocky | Weakly to mod- |..... dO. ese 4. 8-5. 5 
erately smeary. f 
[senes ds ect secess rae ^: OASE PETE i SEMPER 5.0-6.0 | )Hawali_.|100-140 |t, 000-1, 700 | Di. 
l 
Strong medium 
granular, 
Weak fine blocky. 
aese AOs eanas Hawaii.120-150 | 0- 760} Dr. 


of rainfall. Yields obtained generally decrease with increasing rain- 
fall, which corresponds to increasing cloudiness. Nevertheless, all 
soils of the Ookala family that do not have some serious physical 
limitation must be considered moderately well adapted to sugarcane 
without irrigation. Essentially all of their area is used for cane. 
One exception is the area near Honokaa, where cane bas been replaced 
by one of the most important plantations of macadamia nuts on the 
Islands. 

In soils of the Ookala family available potassium generally de- 
creases with an increase in elevation, and also from northwest to 
southeast at the same elevation within the region. Total phosphorus 
is generally high throughout the area, but its availability is extremely 
variable. “The soils generally have medium or high ability to fix 
phosphorus in unavailable forms. The total supply of nitrogen is 
very high, but intensive fertilization with nitrogen is needed under 
continuous cropping. . 

A very small quantity of vegetables is produced, principally in 
gardens near the various villages. Pasture is relatively unimportant. 
Hilograss is the native grass, but other paspalums and kikuyu are 


Taste 59.—Suitability and physical limitations of soils of the Ookala and Paauhau families for mechanized agriculture 
Sors WELL SUITED TO MECHANIZED AGRICULTURE 


| | Depth -— : 
Soil family and mapping unit Slope | Erosion Loose stones | to pri | dE oe e 
| 
-o i | | ENIM E 
Paauahu and Ookala families, gently sloping phases: Percent | Inches 2 
Paauahu silty clay loam, gently sloping phase... 3- 8 | Slight____.___ ee | 40+) None. 
Ookala silty clay loam, gently sloping phase........ 8- 8 ...do..... LL. hate dos ssec 404- Do. 
Kukaiau silty clay loam, gently sloping phase... 3- 8 ...do........- sudes. eed 40+) Do. 
E Sous MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE i i j 
Paauhau and Ookala families, sloping phases: 
Paauhau silty clay loam, sloping phase._.___..___- 5-15 40--| Slope 
Ookata silty clay loam, sloping pħase---- 2-a- 5-15 40+ Do 
Kukaiau silty clay loam, sloping phase____.__ | 6-15 | 40+ Do 
Niupea silty clay loam, sloping phase______. __ | B15 | 40+- Do 
Wailea silty clay loam, sloping phase... 5-15 40--| Do 
E i Soms PooRLY SUITED TO MECHANIZED AGRICULTURE 2 | mE 
Paauhau and Ookala families, stony types or moder- | 
ately steep phases: : f 
Paauhau stony silty clay loam, sloping phase....... 5-15 | Moderate... Moderate... 24--| Stoniness and slope. 
Kukaiau stony silty clay loam, sloping phase_______ | 6-15 do... ..... ee | eee 24—| Do. 
Kukaiau silty clay loam, moderately steep phase... | 12-25 ET EMEN FeW--------- | 24--| Moderately steep slope. 
| ! i 
Sors Very POORLY SUITED OR Unsurrep TO MECHANIZED AGRICULTURE 
j NE T S 
Paauhau and Ookala families, steep, shallow, and very i 
shallow phases: Ha 
Paauhau series, steep phases... 2... 2... ----| 25-50 | Severe. ...... | Moderate..... 12-40--| Steep slope. 
Ookala and Honokaa families, shallow phases______. | 5-25 | Moderate..... | Very stony...| 12-30 Shallowness, stoniness, and 
i | f slope. 
Ookala and Honokaa families, very shallow phases. . 5-35 -do LENS: Ors hie oe! | 4-12 | Bedrock outerop, stoniness, 
| and slope. 
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suitable, as well as the tall forage species such as Napiergrass and 
Guineagrass. All give exceptionally high yields, but the forage is 
somewhat low in palatability, low in dry matter, and generally poorly 
suited to fattening cattle. Various shrubs, of which guava is the 
most important, quickly occupy idle areas and encroach upon pastures. 
Their control in established pastures depends largely upon whether or 
not heavy machinery can be used for eradication. 


OOKALA SERIES 


Soils of the Ookala series occupy the coastal belt in the middle 
section of the Hamakua coast on the island of Hawaii. They occur 
at elevations ranging from sea level to 1,200 feet under an annual 
rainfall ranging from 100 to 120 inches. ‘They are entirely within 
vegetation zone D,. Like other soils of the family, they are fine- 
textured but very friable and have well-developed strongly granular 
A; horizons. They are generally slightly more acid than soils of the 
Kukaiau series. The greater acidity is correlated with the higher 
rainfall under which they occur. They differ from the soils of the 
Kukaiau series in having a less friable and slightly more firm B 
horizon. This B horizon, though firm in place, is friable when moist. 
The clays are slightly more inert than those in the Kukaiau series, 
and correspondingly lower in cation-exchange capacities. 

Modal profile of Ookala series: 

A, 0 to 9 inches, dark reddish-brown silty clay loam; strong medium gran- 
ular structure, friable when moist or wet; pli 4.8 to 5.5; roots very 
numerous; 15 to 20 percent organie matter. 

B, 9to21inehes, reddish-brown silty clay loam; weak fine blocky structure; 
friable when moist or wet; pH 5.0 to 5.8; roots numerous; about 10 
pereent organie matter. 

B, 21 to 42 inches, reddish-brown silty clay loam; firm in place but friable 
to erush; weakly smeary when wet; pH 5.0 to 5.8; roots present. 

C 42 inches +, yellowish-red weathered volcanic ash (silty clay loam) 
mixed with weathered rock fragments; rests on partly weathered lava 
consisting of a mass of rock fragments with soft weathered shells around 
solid, subangular cores; bedrock may occur at a depth of 2 feet and 
replace part of the B» horizon and all of the C. 

The principal profile variations are associated with differences in 
rainfall and elevation. With increasing elevation, the soils become. 
less bright in color, and their subsoils become more smeary when wet. 
Where the soils formed a smooth slick smear under pressure, the bound- 
ary was drawn between the soils of Ookala series and soils of the 
Niupea series. With increasing rainfall, the pH and exchangeable 
bases decrease. The exchange capacity remains relatively constant 
wherever soils of the Ookala series appear, but the proportion at- 
tributed to the organic fraction increases with increasing rainfall. 

In most places lava occurs at depths below 5 feet, but locally it 
may occur within 24 inches of the surface. In these shallower places 
the B horizon rests directly on the moderately weathered lava. 
Shallow soils of this series, which occur on the youngest lavas, have 
been ineluded with an undifferentiated unit of shallow soils. (See 
p. 363.) 

Ookala silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Om).—For sugarcane or other crops requiring cultivation, this is the 
best soil of the coastal belt near Ookala on the island of Hawai. 
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Slopes interfere little, if any, with machine cultivation and harvesting. 
The soil is essentially uneroded and has few or no loose stones on the 
surface. It is exceptionally well suited to the use of machinery. 

The profile of this soil varies somewhat from that described for the 
Ookala series, as it commonly occurs on slightly concave slopes or on 
flats surrounded by steeper slopes. In these locations, soil high in 
organic matter washed from the adjacent more strongly sloping lands 
tends to accumulate. The A; horizon in areas receiving this wash 
may be 18 or 20 inches thick in some of the more favorable places. 
The A; is commonly thicker than that of the sloping phase. This 
greater thickness, with attendant accumulation of organic matter, 
contributes to a higher capacity to hold bases. These areas with 
a deeper A, horizon are the best parts of the Ookala series both for 
sugarcane and pasture. 

Essentially all of the phase is used for sugarcane grown without 
irrigation. Rainfall is generally adequate for cane; periods of limited 
rainfall are relatively rare within any given year. Only occasionally 
does any month have less than 3 inches of rain. The average monthly 
rainfall is more than 5 inches per month for 8 to 12 months of the year, 
and more than 10 inches per month for 4 or 5 months. Lack of 
moisture seldom limits growth. The amount of sunlight is limiting; 
it reduces the yields of cane considerably below those obtained in 
drier areas that are irrigated. Although this soil receives more rain- 
fall than the Kukaiau soils of this same family, it occurs nearer sea 
level and is generally subject to no more cloudiness. The plantations 
reported sugar yields about equivalent to those obtained on the 
Kukaiau soils, though there probably is greater variation from year 
to year in the ratio of cane to sugar. All factors considered, this soil 
is moderately well adapted to cane. 


This phase is used almost exclusively for cane, but it would be at 
least moderately well suited to the many kinds of vegetables. It 
produces large quantities of forage but the quality is generally low. 
The grasses that grow in this wet region have poor palatability and 
low total dry-matter content. Hilo is the main native grass, but other 
paspalums and kikuyu are well adapted, as are such tall forage 
species as Napiergrass and Guineagrass. As on other soils in the 
wetter regions, guava is a serious pest both in idle areas and in pas- 
tures. The slopes of this soil, however, favor use of machinery for 
clipping or the eradication of guava. 


Ookala silty clay loam, sloping phase (5 to 15 percent slopes) (Ox).— 
This soil occurs in the coastal belt near Ookala on the island of 
Hawaii. It is the most extensive soil of the Ookala series and domi- 
nates the land use throughout this coastal area. The profile is essen- 
tially that described for the Ookala series, except in a few areas the 
subsoil is distinctly redder than is normal. 


This soil is used almost exclusively for cane without irrigation. 
Rainfall is adequate in most years. Only occasionally do extended 
dry periods seriously limit the growth of the crop. The average 
precipitation is more than 5 inches for 8 to 12 months of the year, 
and more than 10 inches for 4 or 5 months. Moisture is seldom a 
limiting factor, but cloudiness restricts yields of sugar. Yields of 
cane are less than those obtained on the irrigated Paauhau soils, or 
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similar to those on the Kukaiau soils above Honokaa. The ratio of 
cane to sugar varies considerably from year to year, depending upon 
cloudiness. Nevertheless, cloudiness is less than in many areas of 
similar rainfall at higher elevation. 

The slopes are mainly uniform; they cause some difficulty but do 
not seriously restrict use of machinery. With the use of heavy ma- 
chinery, particularly trucks for moving the cane from field to mill, 
some areas are being considerably compacted. The effects on cane 
production were not noticeable at the time of survey, but trouble was 
anticipated. 

The problem of erosion is not serious when the soil is used for cane. 
The dense cover effectively controls washing. If the soil were used 
for clean-cultivated erops, erosion would be serious although it is not 
so erodible as many soils on similar slopes in temperate regions. 

This soil is suitable for the same pasture species as others in the 
Ookala family. Hilograss is the dominant grass that comes in by 
volunteering, but other paspalums and kikuyu are well adapted, as 
are also the taller grasses such as Napiergrass and panicums. Shorter 
sod-forming or creeping grasses are generally favored because they 
allow easier control of guava by clipping. Pastures produce large 
amounts of forage, but the quality is low because of poor palatability 
&nd low dry-matter content. Mineral deficiencies have not been 
reported from the area, but relatively little grazing is done. 


KUKAIAU SERIES 


Soils of the Kukaiau series are in the middle belt of the north- 
western part of the Hamakua coast on the island of Hawaii. They 
oceur at elevations ranging from 250 to 2,000 feet above sea level 
under an annual precipitation ranging from 70 to 100 inches. They 
are entirely within vegetation zone D;. They are fine-textured but 
extremely friable soils with low bulk density and high water-holding 
capacity. The materials are generally friable whether moist or wet. 
The pH values range from 5.5 to 6.0 in the upper part of the soil and 
are slightly higher in the lower horizons. The B; horizon below 18 
inches is very slightly firm in place and smears very weakly under 
pressure when wet. . 

Modal profile of Kukaiau series: 

A; 0 to 9 inches, dark reddish-brown silty clay loam; strong medium gran- 
ular strueture; friable when moist or wet; pH 5.5 to 6.0; roots very 
numerous; 15 to 20 percent organic matter. 

B, 9 to 21 inches, reddish-brown silty clay loam; weak fine blocky structure; 
friable when moist or wet; pH 5.5 to 6.3; roots numerous; about 8 or 10 
percent organic matter. 

B, 21 to 45 inches, reddish-brown silty clay loam; weak fine blocky strue- 
ture; friable when moist, very weakly smeary when wet; pH 5.8 to 6.3; 
roots present. 

C 465 inches -+, yellowish-red silty clay loam from weathered volcanie ash 
in which a few weathered rock fragments occur; grades to weathered 
lava consisting of yellowish-red clayey shells around solid subangular 
cores; locally, bedrock replaces C and part of B; at a depth of 24 inches. 

The principal variations in the profile are associated with differences 
in rainfall as elevation increases, and the soils show a somewhat grayer 
surface soil, become slightly more acid, and develop a tendency to 
form a smear when pressed. Within the range of the series, the 
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activity of the clay fraction decreases with increasing elevation and 
rainfall. The soils vary in depth to bedrock, which generally occurs 
below 40 inches but in a few localities may be as shallow as 18 or 20 
inches. This lava is moderately young, and the rock fragments have 
weathered on the outside to a yellowish-red clayey material. The 
solid rock cores still retain many of the angles of their cleavage faces. 
The plantations report soils of this series to be generally high in total 
potassium, though there are some doubtful areas near the eastern end 
of their extent. The total supply of phosphorus is generally high, 
but the soils have medium to high fixing power. 


Kukaiau silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Kx3).—This is the best soil of the Kukaiau series for cultivation. It 
has very gentle slopes that commonly are slightly concave. A con- 
siderable amount of material washed from adjacent more strongly 
sloping areas has accumulated on this soil. It has formed a dark- 
colored surface horizon as much as 18 inches thick in some places. 
This horizon is deeper than normal and generally higher in organic 
matter. The additional organic matter contributes to a higher cation- 
exchange capacity and a greater ability to hold bases. 

Essentially all of this soil occurs as small areas in association with 
Kukaiau silty clay loam, sloping phase. These areas are cropped in 
the same way as the adjacent soil, and under the same kind of manage- 
ment. At the time of survey essentially all of this soil was used for 
sugarcane, and the plantations recognized that it was the most pro- 
ductive in the area. Since the time of survey a considerable part of 
this soil has been converted to the production of macadamia nuts. No 
differences have been noted between this soil and the sloping phase 
for that crop. This soil has an advantage for most crops, however, 
as it is the easiest to work with machinery. The advantage is some- 
what less for crops such as macadamia nuts. 

Sugar yields on this soil were generally slightly greater than those 
on the lower lying Paauhau soils, especially during years of excessively 
low rainfall. In such years this more gently sloping soil was the most 
productive because it retained more water. Rainfall generally is not 
a limiting factor in this region, but the relatively high degree of 
cloudiness seriously restricts carbohydrate production. 

The mellowness of this soil is very striking. It should be better 
for vegetables than the sloping phase of Kukaiau silty clay loam. In 
this area, however, few vegetables are grown. Pastures are typical 
of those in this vegetation zone; they consist mainly of Hilograss in 
the unimproved areas, but other paspalums, kikuyu, and the taller 
forage grasses are adapted for introduction. Guava is a serious pest, 
but the slope of this soil permits use of machinery for its eradication 
or control. 


Kukaiau silty clay loam, sloping phase (5 to 15 percent slopes) 
(Kx5).—This soil, the most extensive of the Kukaiau series, is repre- 
sentative of the cropland in the Honokaa area. "The soil profile and 
its variations are essentially as described for the Kukaiau series. 

Slopes slightly or moderately handicap the use of machinery, but 
they are generally uniform. Machinery ean be used without serious 
difficulty in most places. Essentially all of the soil was once used for 
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sugarcane, but recently part of it has been converted to macadamia 
nuts. 

The soil is moderately productive of cane but appreciably less so 
than irrigated soils of the Paauhau series, which lie at lower elevations 
where sunlight is more abundant. Where used for cane, this soil has 
little or no chance to erode, but erosion control would be a problem 
if it were clean-cultivated. Like others of its series, this soil is 
moderately to strongly acid, has a moderate supply of potassium and 
calcium, and is generally low in available phosphorus. Under inten- 
sive cropping it requires nitrogen fertilizer, even though it is high in 
total nitrogen in the virgin condition. The area between Honokaa 
and Waipio generally has more complex slopes than are common for 
other areas of the soil, and in this section the use of machinery is 
considerably more difficult. 

The value of this soil for erops seems to preclude extensive use for 
pasture. If used for pasture, it has the same limitations as others 
in its vegetation zone. Among the adapted grasses are the native 
Hilograss, such introduced species as other paspalums and kikuyu, 
&nd the taller forage grasses such as Napier and panicum. This soil 
uo large quantities of forage, but it is low in palatability and 

ow in total dry matter. Pastures are inferior to those of drier areas 

for fattening eattle. Nevertheless, they can be used to good advantage 
for the breeding herd if adequate feed supplements are provided, or as 
reserve pastures if the ranch has better pastures in drier areas. 


Kukaiau silty clay loam, moderately steep phase (12 to 25 percent 
slopes) (Kx4).—The small areas of this phase occur in the general 
region occupied by Kukaiau soils. It differs from the sloping phase 
principally in degree of slope, but this is important. The use of 
machinery is definitely limited, particularly in those areas where slopes 
are as complex as they are in the region between Honokaa and Waipio. 
Machinery can be used, but only with difficulty, 

The profile varies slightly from that described for the Kukaiau 
series. Generally it is somewhat shallower to bedrock, or from 24 to 
40 inches deep. In a few places the soil is moderately eroded; it has 
lost the A, and, locally, most of the B, horizon. Generally, this soil 
is lower in organic matter than the sloping phase. 

Occurring as it does, in small areas associated with less strongly 
sloping land, this soil is used mainly in the same way as the soils with 
whieh it is found. In the past it was used mainly for sugarcane, 
though small areas were idle or included in pastures. Part of the soil 
is in macadamia nut plantations. Its suitability for these nuts had 
not been determined at the time of survey, but it was recognized as 
distinctly inferior to the sloping phase for the production of cane. 
Yields of cane were generally somewhat lower, and costs of production 
appreciably higher. 

The soil is adapted to the same pasture plants as the other soils in 
the Kukaiau series. It will produce large yields of paspalums and 
the tall forage grasses, but greater preference probably should be 
shown for the more aggressive grasses such as kikuyu, as danger of 
erosion is great until a stand is established, and the steeper slopes 
make it difficult to control guava by mowing. 
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NIUPEA SERIES 


The Niupea soil is transitional from those that are used intensively 
for cane near the coast in the vicinity of Ookala on Hawaii to the wet 
soils of the rain forests at higher elevations. It is at elevations ranging 
from 1,000 to 1,700 feet. The annual rainfall ranges from 100 to 140 
inches. The soil is entirely within vegetation zone D,. Like other 
soils of the Ookala family, it is fine-textured but friable and has a 
strongly developed, highly granular A, horizon. It differs from the 
soils in the lower belt in having clays that are more smeary when. wet. 

Profile of the Niupea silty clay loam, sloping phase: 


A, 0 to 9 inches, dark reddish-brown silty clay loam; strong medium granu- 
lar structure; friable when moist, firm when dry; weakly smeary when 
wet; pH 4.5 to 5.3; roots very numerous. 

B, 9 to 16 inches, reddish-brown silty clay loam; weak fine blocky structure; 
friable when moist, weakly to moderately smeary when wet; pH 4.8 to 
5.5; roots numerous. 

B, 16 to 42 inches, reddish-brown silty clay loam; weak fine blocky struc- 
ture; friable when moist, weakly to moderately smeary when wet; pH 
5.0 to 6.0; few roots present; horizon may contain bands of darker 
colored silty clay. 

C 42 inches-+, yellowish-red silty clay loam, developed from weathered 
voleanie ash, in which occur a few soft weathered fragments of the 
underlying bedroek; parent material is unconformable with the moder- 
ately weathered lava occurring at depths ranging from 2 to 8 feet or 
more; locally, bedrock replaces the C horizon and part of the By. 

At the lower altitude limit the soil grades into the Ookala soils and 
has a subsoil that smears only weakly when wet. With increasing 
elevation and rainfall, the consistence becomes more smeary, and the 
A, horizon becomes thinner and grayer in color. The soil is derived 
from highly weathered volcanic ash that rests unconformably on 
slightly or moderately weathered lava at depths of 2 to 8 feet or more. 
The underlying lava is of relatively recent origin, as is evident from 
the fact that the rock fragments have solid subangular cores. 

The clays are inert; cation-exchange capacities are the lowest among 
the soils of the Ookala family. Furthermore, a high proportion of 
that capacity, about 60 or 70 percent, may be attributed to organic 
matter in the surface layer. The soil generally is deficient of potas- 
sium and available phosphorus. Although the need for calcium has 
not been demonstrated in cane production, the soil is known to be 
quite low in both exchangeable and total calcium. The soil has a high 
total content of nitrogen, but under continuous cropping large appli- 
cations of nitrogen fertilizer are necessary. Nitrification is probably 
relatively slow in this very wet soil. Only one type of the Niupea 
series has been mapped—Niupea silty clay loam, sloping phase. 


Niupea silty clay loam, sloping phase (5 to 15 percent slopes) (N@).— 
The slopes of this soil are a moderate but not serious handicap to the 
use of machinery. ‘They are generally uniform, and their gradient, 
in itself, is only moderately limiting. The soil profile and its variations 
are the same as described for the series. Both shallow and steep soils, 
mapped as undifferentiated units, are associated with this soil. 

Most of this soil was at one time used for cane, but it is gradually 
being converted to pasture. On land owned by the Hamakua Mill 
Co., cane yields were low; only about 3 tons of sugar per acre per crop 
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was reported. At the time of survey this soil was still in cane on 
Kaiwiki Plantation, but yields were considerably less than on the 
Ookala soils. In large part the low yields may be attributed to the 
high degree of cloudiness associated with the relatively high elevation 
and high rainfall. In addition, temperatures are not so high as nearer 
sea level. 

The soil is very deficient in bases. Ayres (f) found pH values to 
be within a few tenths of a pH unit of the ultimate pH in some places 
in this region. Soil fertility, however, is not the limiting factor in 
cane production under the management practiced. 

The soil produces large yields of low quality forage.  Hilograss is 
the dominant native grass, but in areas that were being converted to 
pasture other paspalums were being given greatest emphasis. Both 
paspalums and kikuyu are well adapted to this vegetation zone. They 
are generally preferred to the tall forage grasses such as Napier and 
panicum because they allow easier control of guava and other noxious 
shrubs by mowing. Guava quickly becomes established in areas left 
idle any appreciable time. It and various ferns soon form a dense 
cover. The feasibility of eradicating guava depends largely upon the 
ability to use heavy machinery, and this soil is at least moderately 
well adapted to such equipment. The forage produced is poor for 
fattening cattle. It is low in palatability and in total dry matter, 
and in addition it is probably deficient in certain minerals. 


WAILEA SERIES 


This series is a soil of the coastal belt extending from just below 
Hakalau to Laupahoehoe on the Hamakua coast of the island of 
Hawaii. It occurs at elevations ranging from sea level to 750 feet and 
receives rainfall ranging from 120 to 150 inches per year. It occurs 
entirely in vegetation zone D,. "There was considerable question as 
to whether this soil belonged with the Ookala family or with the Hilo 
family of the Hydrol Humic Latosol group. It represents a transition 
from one group to the other. The Wailea soil exhibits to some degree 
the properties of soils in the Hydrol Humic Latosol group. It tends to 
dehydrate irreversibly, yet its consistence is similar to that of the 
soil of the Niupea series. The property of irreversible dehydration 
is not nearly so strong as is normal for the Hydrol Humic Latosols. 

This soil is highly leached, and the clays are relatively inert. The 
reaction is strongly or very strongly acid throughout the profile, but 
the pH increases slightly with depth. The clays are moderately 
smeary when wet but do not form the slick, smooth smears charac- 
teristic of the Hilo soils. The subsoil material is somewhat. firm in 
place and appears to restrict slightly the downward movement of 
yale Only one soil of the series was mapped—Wailea silty clay 
oam. 

Modal profile of the Wailea series: ? 

A; 0 to 9 inches, brown silty clay loam; strong medium granular structure; 
friable when moist, moderately smeary when wet; pH 4.5 to 5.3; roots 
very numerous. 

B, 9 to 18 inches, reddish-brown silty clay loam; friable when moist, firm 
when dry, moderately smeary when wet; pH 4.8 to 5.5; roots numerous. 


33 Wailea silty clay loam. 
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B, 18 to 60 inches, reddish-brown silty clay loam; firm in place but moder- 
ately friable when moist, moderately smeary when wet and firm when 
dry; weak fine blocky structure; pH 5.0 to 5.8; few roots present; this 
horizon appears to retard water movement slightly. 

C 60 inches +, yellowish-red, smeary, weathered volcanic ash; at some 
depth, weathered rock fragments are present and increase in numbers 
until moderately weathered unconformable lava is reached at depths 
below 6 feet. 

Variations in this soil are mainly associated with differences in 
rainfall and elevation. Where it joins the Ookala series on the north, 
the entire profile is brighter colored and the subsoil is considerably 
less smeary. Where this soil joins the Hilo soils on the south, it 
approaches the Hydrol Humic Latosols in all characteristics. A few 
small areas on the gentlest slopes have an accumulation of material 
washed from steeper slopes that is high in organic matter. In these 
places the A, horizon may be 12 to 18 inches thick, and the soil is more 
friable and darker in color. The firmness of the B, horizon varies 
considerably from place to place; it is more pronounced near the middle 
of the area the soil occupies. 


Wailea siity clay loam, sloping phase (5 to 15 percent slopes) 
(Ww).—This is the only unit of the Wailea series that has been 
mapped. Locally, small areas with slopes as low as 3 percent in 
gradient have been included. The soil profile, and its variations, is 
that described for the Wailea series. Wailea soils with steeper slopes 
and the small areas of shallow Wailea soils have been included in 
undifferentiated units described on page 363. 

The soil is used primarily for sugarcane without irrigation. At. the 
time of survey, Yellow Caledonia and POJ 2878 were the principal 
varieties. Yields were reported to be less than on the adjacent Hilo 
soils, although this soil is subject to no greater cloudiness or higher 
rainfall. It has been suggested that the subsoil of this Wailea soil 
somewhat retards water movement and thus reduces yields of cane. 
Lack of moisture is seldom, if ever, a limiting factor on this soil. In 
fact, practically all the work in the canefields is done at least partly 
in the rain. 

The soil is at least moderately well suited to machine cultivation 
and harvesting. Slopes are a moderate handicap, especially when the 
soil is wet and very slippery, but machinery can be used. 

When used for pasture, this soil produces a large amount of forage 
that is low in both palatability and total dry-matter content. It may 
also be deficient in minerals, although no data on this point are avail- 
able. Hilograss is prominent in most areas. Other paspalums are 
well adapted for introduction, and the tall forage species such as 
Napiergrass and the panicums produce extremely large yields. Guava 
infests all idle land and, unless controlled, invades the pastures. If 
short, sod-forming grasses are used in pastures, the guava can be con- 
trolled by mowing. Machinery can be used to reclaim areas of this 
soil on which stands of guava have become established. 


UNDIFFERENTIATED UNITS 


Because of their limited capabilities for use, all of the shallow and 
very shallow soils of the Ookala family have been grouped with similar 
soils of the Honokaa family as undifferentiated units. The first of 
these units consists of the shallow phases of the soils of the Ookala 


HUMIC LATOSOLS 363 


and Honokaa families. In these phases, the soils range from 10 to 
20 inches deep, loose stones cover the surface, and bedrock outcrops 
occur with moderate frequency. The second unit consists of the very 
shallow phases of the two families. Solid bedrock occurs at depths of 
less than 8 or 10 inches in these phases, and bedrock outcrops are 
extremely numerous. 


Ookala and Honokaa families, shallow phases (5 to 25 percent 
slopes) (Ox).—This undifferentiated unit consists of a wide variety of 
soils that have in common the properties of extreme stoniness and 
shallow depth to bedrock. The soils are 10 to 20 inches deep over 
solid bedrock, and loose stones are numerous on the surface and 
throughout the profile. Insofar as their shallower depth permits, the 
soils have characteristics comparable to those of the deeper soils with 
which they are associated. Generally, the textures resemble clay 
loams, but there is some grittiness resulting from small rock fragments 
in the soil mass. 

Much of this mapping unit was once used for sugarcane wherever it 
occurred in association with other soils used for that crop. At the 
time of survey it was considered marginal or submarginal for cane and 
was being removed from production. In most of the area cultivation 
and harvesting must be by hand, but a few areas might be cultivated 
and harvested by machinery if the stones were removed. Bedrock 
outcrops are not numerous but they seriously interfere with tillage. 

These shallow soils can be used for pasture; they will produce large 
amounts of forage of relatively low quality. The principal adapted 
grasses are Hilograss, other paspalums, and the taller forage grasses. 
They produce large yields but are low in palatability and in total dry 
matter. Pastures on this soil, like those on other soils of the same 
region, are poor for fattening cattle. They should be considered 
principally as pastures for the breeding herd or as reserve pastures for 
those periods when drier areas produce little forage. Feed supple- 
ments should be provided for breeding herds pastured on these phases. 
Control of guava is particularly troublesome because it is difficult 
to use mowers or other machinery. 


Ookala and Honokaa families, very shallow phases (15 to 35 percent 
slopes) (Or).—This unit consists of a number of very shallow soils 
ranging from a fraction of an inch to about 10 inches deep over bed- 
rock. They occur on the youngest lava flows, where the mantle of 
volcanic ash is very thin and the bedrock is little weathered. In most 
places the soil material is essentially like that of the A, horizon of the 
associated deeper soils. Outcrops of bedrock are common, and loose 
stones form a thick cover on the surface and are embedded in the soils. 
The soils are too stony and rocky for machine cultivation. They 
were once used for cane and worked by hand, but at the time of survey 
almost all areas had been retired from that use. 


The soils may be used for pasture, but management is difficult, 
particularly the control of guava. Machine mowing is generally not 
feasible or can be done only with great difficulty. Noxious shrubs 
soon infest the pastures. Much of the total area is now idle and 
covered by stands of guava and associated ferns. 
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SOILS OF THE KAPOHO FAMILY 


These are the youngest soils of the Humic Latosol group. They 
are transitional from the Humic Latosols to the young Latosolic 
Brown Forest soils. The relationship of the Kapoho family to other 
soils of the Humic Latosol group is shown in table 17. 

Soils of the Kapoho family have dark-brown or dark-reddish brown, 
very friable, strongly developed granular A; horizons. Among the 
various soils of the group, the pH of this horizon ranges from 5.5 to 
6.8. The A, horizon rests on reddish-brown or yellowish-red friable 
material of weak blocky or crumb structure that has a pH about the 
same as the A,, or slightly lower. All of the soils in the Kapoho 
family are derived from relatively young materials, principally vol- 
canic ash, volcanic cinders, and alluvium from those materials. 


Tasie 60.—Key, modal profile, and environment 


i Modal profile 
| 
| ] 
Horizon Color (moist) | 
Key Series | Range in depth f 
Let- to— i Texture 
ter ——— Name | Munsen | 
sym- | 
bol | Upper | Lower 
limit | limit 
A. Derived from fine | 
volcanic ash: Inches 
At 0 B TSYR42..8 uty clay 
| oam. 
1. Deep over bed- | Moaula.jj Br 9-12 Reddish brown.| 5Y R 4/4-5/4. 5... do. ........ 
rock. *Ba | 18-30 Yellowish red...| SYR 4/6-5/8.|....- dU eas ssne 
ry 48-66 Weathered ash containing some rock fragments 
D |24-724-.. -| Unweathered basalt or andesite bedrock........ 
2. Shallow; weath- ET 0 ; Dark brown... 7T.5YR3/2-3/4| Clay loam__..- 
ering rock wong. |«B | 6-10 | Yellowish red. ..| 5YR 4/64/8.].....do.. 
contributing aulu. |]*C 8-16 Gritty material similar to í B but grading to 
j f 
rial D 3-24--[........] Unweathered basalt_._....-----]-_.------------- 
B. Derived from | | 
volcanic cin- 
ders: | 
Ai} 0 6- 9.| Dark brown..... 7.5Y R 3/2... | Silt loam...... 
1. With a thin | 
zone of weath- *B 6- 9 8-18 | Dark reddish | 5YR 3/2-34.| Sandy clay 
ering and pri- |)Kapoho. brown. loam. 
mary miner- *C Black or brown volcanic cinders; the upper part 
als in the so- D Unweathered basalt at depths ranging from 18 
lum. 
2. With a moder- f 
ately thick Ax it} 6-12 | Dark reddish 25 YR Silty clay loam 
zone of brown. 2/2-2/4 
and littleun- /}Tantalus|( B 6-12 | 18-36 | Reddish brown.| 25 YR = |... dern 
woathered 4/4-4/6 
material in C, | 18-36 | 36-54 | Soft, reddish-brown and black weathered 
the solum. C2 | 36-54 |-------- Black and brown unweathered volcanic einders.. 
| 
Ai 0 | 12-18 | Dark brown..... 7T.5 Y R 3/2...| Silty clay loam 
C. Derived from i 
local alluvium || Kaha- B | 12-48 | 36-48 | Reddish brown.) 5 YR 4/3-4/4. | Silty clay... 
from volcanic niki | 
ash. Cc 36-48 |... Brown or reddish brown partly weathered 
posed cinders make material gritty. 


*May be partly or entirely absent where bedrock occurs at shallow depth, as indicated by range in depth 
to D horizon. 

1 Locally, cinder cones under as much as 300 inches annual precipitation and at elevations as high as 6,000 
feet have been included. 
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In their physical properties, particularly consistence, texture, color, 
and structure, soils of the Kapoho family are like other soils of the 
Humic Latosol group. They approach the Latosolic Brown Forest 
soils in base status and in the degree to which materials have weath- 
ered. In many of the soils, the silica-sesquioxide ratios are as low 
as in soils more typical of the Humic Latosol group. 

Kapoho soils are confined to areas on the islands of Hawaii, Maui, 
and Oahu where young materials occur. They are found at elevations 
ranging from sea level to 3,000 feet. The annual precipitation ranges 
from 50 to 150 inches. A relatively small part of the total area occu- 
pied by the family occurs in regions that receive less than 70 inches, 
or in those that receive more than 120 inches. Soils in the regions 
that receive less than or more than those limits may be considered as 
inclusions. The soils occur almost entirely in vegetation zone D,. 


of soil series of the Kapoho family 


Modal profile—Continued Environment 
de i —] 
Consistence | 
| E 7 
Annual Vege- 
Structure pH Island rain- | Elevation | tation 
Wet Moist fall | zone 
| 
Inches Fee | 


Strong medium 
granular. 
Week fine blocky. 


"t pHawaili__| 60- 90 |1, 500-2, 200 | Di, Di. 


Strong medium | Very friable..... Very friable..... 
granular. 

Weak fine blocky. 

unweathered rock....... 


UipHawali.| 50- 80 | 750-2, 250 | Di, Ci. 


| Unweathered basal 


Moderate medi- | Very friable__._- Very friable..... 6.0 6.8 | 
um granular. 

| Weak medium | Friable..........| Friable..........| 5.8 6.5 | | 
crumb. |MIawaii..| 75-120 021,000 | Di. 


Maui...| 80-120 0- 800; Di. 


partly weathered... 
inches to 3 feet or m. 


ma eu 


Strong medium Veryiriable. Very friable. |. ]5.5-6.5 i 
granular. Hawaii.|!50-120 | 500-3,000 i Di. 
Weak fine = |... DOvei caves seul Seen Cs: rn 5. 5-6.0 || Maui....]150-120 | 500-3, 000 | Di. 
blocky. Oahu...150-120 | 500-2,000 | Di. 
voleanie cinders i 
| 
Strong medium 
granular, sticky. 
Weak fine — faan o i BOERS | eeu Lr [» DEEE 5.5-6.0 |;Oahu.... 60-150 | 100- 780 | Di. 
blocky. i | 
alluvium from adjacent deposits of voleanic cinders; undecom- i 


25 


804428-—55 
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Nevertheless, in the Kau region on the island of Hawaii they extend 
into vegetation zone Ds; and in the Kona region, slightly into vegeta- 
tion zone C. 

'The Kapoho family consists of five soil series—the Moaula, Honu- 
alua, Kapoho, Tantalus, and Kahaniki. The modal profiles and 
environment for these soil series are given in table 60. 

Soils of the Kapoho family are better supplied with plant nutrients 
than most soils of the Humic Latosol group. They have a moderately 
good supply of bases; amounts of total calcium and total potassium 
are relatively high, but supplies of available potassium are commonly 
moderate. 'lhe availability of phosphorus varies considerably among 
different areas, but these soils are normally like others of the Humic 
Latosol group. They fix phosphorus in forms unavailable to plants. 
They have high total supplies of nitrogen generally as high or higher 
than for soils of other families of the Humic Latosol group—but require 
nitrogen fertilizer if cropped continuously. 

Moisture seldom limits plant growth on these soils. In no month 
of the year is the average monthly rainfall less than 3 inches, and in 7 
to 12 months it is more than 5 inches. Occasional moderately long 
periods of abnormally low rainfall may limit the growth of plants. 
The soils are never desiccated as they are in areas occupied by the 
Low Humie Latosols. Slopes are usually great enough to provide 
good external drainage, and water readily penetrates because the soils 
are loose and porous. 

USE AND MANAGEMENT 


Only a small part of the total area occupied by soils of the Kapoho 
family is suited to mechanized agriculture, mainly because of shallow 
depth to bedrock and large quantities of loose stones on the surface. 
A large part of the acreage was once used for hand-cultivated sugar- 
cane. To a large extent the use of these soils is determined by their 
depth to bedrock. In the Kona section on the island of Hawaii soils 
of this family are among the best for coffee and are also used for vege- 
table crops. Nevertheless, pasture or forestry appears to be the best 
use for the greater part of this soil family. Only those soils that are 
deep and well suited to machinery can be expected to remain in sugar- 
cane. The soils of this family are grouped according to suitability for 
mechanized agriculture in table 61. 

Soils of the Kapoho family produce high yields when used for 
pasture, but the forage is generally low in total dry-matter content 
and not so palatable as that grown in drier regions. Hilograss is 
dominant throughout the soil family, but other paspalums and kikuyu 
are suited for use in improved pastures and allow control of guava or 
other noxious shrubs. Pastures on soils of this family are inferior for 
fattening cattle. On larger ranches they can be used for the breeding 
herd if feed supplements are provided, or as reserve pastures for 
periods when the better pastures in dry regions are producing little 


feed. 


Experience indicates that various kinds of vegetables, fruits, and 
nuts can be produced on soils of this family. In the Kona section on 
the island of Hawaii, moderate acreages of tomatoes, snap beans, 
upland taro, field corn, and ginger are grown, and smaller acreages of 
white and sweet potatoes, lettuce, cabbage, and bell peppers. Avo- 
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cados and mangoes grow very well in this section, and macadamia nuts 
may be well adapted. Climate in the Kona section is somewhat 
different from that prevailing in other regions where soils of this 
family occur. Caution is therefore necessary in transferring crop 
experience from the Kona section to other regions occupied by the 
soil family. 


Soils well suited to mechanized agriculture.—The two soils of this 
family (see table 61) have both been used for cane without irrigation, 
but the Kapoho soil is being withdrawn from cultivation. On the 
island of Maui, the Kapoho soil is at least moderately well suited 
to cane but is no longer used for that crop because it occurs in small 
areas surrounded by soils poorly suited to mechanization. In the 
Puna section of Hawaii, the Kapoho soil is still used for sugarcane 
but its association with less suitable soils limits its value. 

The Moaula soil, in the Kau section of Hawaii, is still used for 
sugarcane and likely will be for some time. This soil is high in total 
calcium, phosphorus, and potassium. In comparison with most other 
soils of the Humic Latosols group, it is high in available phosphorus. 
The plantations consider it low to doubtful in supplies of available 
potassium, It is a "strong" soil and would be well suited to many 
crops other than cane, particularly, vegetables, fruits, and pasture 
grasses. 


Soils moderately well suited to mechanized agriculture.—' The two 
soils in this group likely will remain in sugarcane. Both occur on 
moderate slopes that somewhat handicap but do prevent use of 
machinery. 

The soils are high in total calcium, phosphorus, and potassium. 
In comparison with most other Humic Latosols, they are high in 
available phosphorus. Plantation managers consider them low to 
doubtful in available potassium, though they have more of that 
element than most other Humic Latosols. 


Erosion is serious on both of these soils if they are left without 
protection. After cane is established, the root system holds the soils. 
Cane is one of the best crops for preventing erosion of these soils. 
These soils are fertile and suitable to many crops, but considering 
rainfall and slope they are probably best suited to sugarcane. 


Soils poorly suited to mechanized agriculture.—Only one soil, a 
member of the Moaula series, belongs in this group. It is poorly 
suited to mechanization, mainly because of loose stones on the surface. 
In some places bedrock outcrop also seriously restricts use of ma- 
chinery. This soil may be marginal for cane production under 
modern methods. 


Soils very poorly suited or unsuited to mechanized agriculture. — 
These soils are divided into three groups principally on the basis of 
factors that limit the use of machinery. The first group consists of 
very stony shallow soils, mainly of the Kapoho series m the Puna 
section on the island of Hawaii or of the Honuaulu series in the Kona 
section. These soils are mainly less than 20 inches thick over bedrock, 
and large amounts of loose stones are on the surface. In some places 
areas of moderate size that can be cultivated by machinery have been 
included. Taking the area as a whole, however, the use of machinery is 


Tase 61.—Suitability and physical limitations of soils of the Kapoho family for mechanized agriculture 


Sorts WELL SUITED TO MECHANIZED AGRICULTURE 


Soil family and mapping unit Slope Erosion Loose stones pnh m PERO phyrical 
Kapoho family, gently sloping phases: Percent Inches 
Toaula silty clay loam, gently sloping phase_._____ 2- 8 | Slight_.-.-.-- po 40+, None. 
Kapoho silt loam, gently sloping phase. ~.--------- 2- 8 ..... docs cm cet ta (o EERO 20--| Occasional outerop. 


Sorks MODERATELY WELL Surrep to MECHA: 


NIZED ÅGRICULTURE 


Kapoho family, sloping phases: 


i 


89E 


TIOS 


AYOLINUATLT AO AMANO 


Moaula silty clay loam, sloping phase... 5-15 | Moderate__._- Few......... | 40+! Moderate Blope. 
Kapoho silty clay loam, sloping phase- ------------- 5-15 |....- docs cede do o | 24-60 | o. 
| i | i 
Sorts PooRLY Surrep TO MECHANIZED AGRICULTURE 
Kapoho family, stony sloping soils: | | 
Moaula stony silty clay loam, sloping phase... 3-15 | Moderate... | Moderate... 18-30 Moderate slope and stoniness. 


IIVAVH JO 


Sorts Very POORLY SUITED OR Unsurrep TO MECHANIZED AGRICULTURE 


| 
Kapoho family, very stony shallow soils: 


Kapoho silt loam, gently sloping shallow phase..... 2- 8 | Slight....-._- | | Outcrops and loose stones. 
Kapoho silty clay loam, gently sloping shallow phase. 2 D oro do sos . | i Do. 
Honuaulu clay loam, sloping phase---------------- 5-15 | Moderate... | | Do. 


Kapoho family, deep moderately steep soils: 
Tantulus silty clay loam, phases undifferentiated ___- 
Tantalus silty clay loam, cinder-cone phase. ........ 


40-++ Strong slope. 
40+: Do. 
40+; Slope and stoniness. 


Kahaniki stony silty clay loam, phases undifferen- 
tiated. 
Kapoho family, very shallow soils: 
Honuaulu clay loam, very shallow phase over Aa lava- 5-15 EENE $ 1: EEEa Very stony---| 4-12 Very shallow and stony. 
Honuaulu clay loam, very shallow phase over 52b: 2-220055 des oec ol a EE 4—12 o. 
Pahoehoe lava. 
Boe clay loam, very shallow phase—Aa lava 5-25 |... SIC cus wall RES Ce Q- 6 Bedrock outerop. 
complex. 
Honuaulu clay loam, very shallow phase——Pahoehoe 5-15 |..... G02. seal HERR do....... | 0-6 Do. 
lava complex. | 
Kapoho family, very shallow phases..._.-...------ 8-18 |... 5 MENS RE do.......| 4-12 Outcrop and loose stones. 
Kapoho family, steep phases- -------------------- 25-50 L.... do. suse C E 4-80--| Outerop and slope. 


STOSOLYT OINKAH 
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difficult and the soils must be considered poor for mechanized agri- 
culture. The Kapoho soils have been used almost exclusively for cane; 
the Honuaulu soil is probably one of the best soils in the Kona section 
for coffee. 

Soils of the other two groups are so very shallow or so steep that 
hand labor is almost exclusively required for their cultivation. 


MOAULA SERIES 


These soils occur at elevations between 1,500 and 2,200 feet in the 
Kau district on Hawaii. They are in the lower part of vegetation 
zone D; and the upper part of vegetation zone D,. The average annual 
rainfall ranges from 60 to 90 inches. The soils are more fertile than 
most of the Humic Latosols; but cloudiness restricts cane yields to 
some extent. The soils are moderately high in total calcium, phos- 
phorus, and potassium. Plantations report them to be high in avail- 
able phosphorus, but medium in available potassium. They are high in 
total nitrogen. The soil profiles are extremely friable and porous. 
When moist, the subsoils appear mealy. 

Modal profile of the Moaula series: 

Ai Oto 10 inches, brown silty clay loam; strong medium granular structure; 
very friable when moist or wet; pH 5.8 to 6.5; roots very numerous. 

B; 10 to 24 inches, reddish-brown silty clay loam; weak fine blocky struc- 
ture; very friable (mealy) when moist, friable when wet; pH 5.5 to 6.5; 
roots numerous. 

Bz 24 to 55 inches, yellowish-red silty clay loam; weak fine blocky structure; 
very friable (mealy) when moist; friable to slightly sticky when wet; 
pH 5.5 to 6.5; roots present. 

C 55 inches +, yellowish-red, brown, and reddish-brown weathered volcanic 
ash grading to unweathered bedrock at depths mainly below 6 feet; 
loeally, the mantle of ash is thin and the B, horizon rests almost directly 
on bedrock. 

Soils of the Moaula series are generally deep over bedrock; but 
in Moaula stony silty clay loam bedrock may occur at depths as 
shallow as 18 inches. All the soils except this one type are generally 
free of stones. One of the principal variations is in color of the surface 
soil, which is brownest at the lowest elevations and becomes slightly 
gray at the higher. 


Moaula silty clay loam, gently sloping phase (2 to 8 percent slopes) 
(M2p).—This is the most gently sloping soil of the canelands at 
higher elevations in the Kau district of Hawaii In most places 
the profile is comparable to that described for the Moaula series, 
though it probably averages slightly thicker in the A, horizon and is 
deeper over bedrock than other soils of the series. It includes small 
areas with slopes near 2 pereent in gradient where local alluvium 
from the adjacent soils has accumulated. In these places the A, 
horizon may be as much as 18 inches thick. "The soil is free from 
Stones and practically uneroded. 

This soil is used mainly for cane without irrigation. The plantation 
reported that yields were similar in most years to those obtained 
on the sloping phase of Moaula silty clay loam, which occupies the 
greater part of the cane area. Over a period of years yields on this 
soil were reported to be slightly higher than on the sloping phase 
because of less frequent deficiencies in moisture. Because it occurs 
in the most gently sloping parts of the plantation, and commonly on 
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slightly concave slopes, less water runs off this soil, and in some 
places it receives water that falls on adjacent more strongly sloping 
lands. Asa result, the occasional periods of dry weather that restrict 
growth of cane on the more sloping land affect this soil less. The 
plantation reported this soil to be moderately high in available 
phosphorus in relation to other soils of the area but low to doubtful 
in available potassium. Intensive fertilization is practiced on all 
canelands. 

This is a “strong” soil and undoubtedly would be suited to various 
vegetables and fruit crops, but these are rarely grown. The soil 
will produce very large yields of forage when used as pasture. The 
forage is low in nutritive value compared with that in drier regions, 
but generally more palatable and higher in total dry matter than 
forage produced on soils in wetter regions occupied by the Humic 
Latosols. 'The principal grasses are Hilograss and such introduced 
species as other paspalums or kikuyu. The large forage grasses 
such Napiergrass and Guineagrass are also well adapted. Guava 
is a serious pest on idle lands and tends to invade pastures, where 
it can be controlled mainly by periodic clipping. 


Moaula silty clay loam, sloping phase (5 to 15 percent slopes) 
(M2r).—This soil is typical of the greater part of the area used for 
cane at the higher elevations in the Kau section on the island of 
Hawaii The profile is essentially that descirbed for the Moaula 
series. 

The soil is slightly or moderately eroded; there are only a few 
severely eroded areas, largely because the soil has been used for cane. 
During heavy rains freshly plowed fields lose much soil. After cane 
is established, its root system binds the soil and erosion is negligible 
unless the rows run up and down the slope. 

The plantation considered the soil to be high in available phosphorus 
in comparison with other soils of the region, but low to doubtful in 
available potassium. Intensive fertilization is required for sugarcane. 
Although rainfall is generally adequate, extended dry weather 
occasionally reduces yields. Even with adequate moisture, the soil 
is not so productive of sugar as irrigated soils in drier areas that 
receive much more sunlight. 

Insofar as fertility and the physical condition are concerned, this 
phase should be well suited to various fruits and vegetables. Con- 
sidering the erosion problem, however, only those cropping systems or 
crops that afford adequate cover are well suited to long-term use. 
Cane is exceptionally well suited as a crop that controls erosion. 


Pastures on the soil produce large amounts of forage that is of 
lower quality than that produced on drier areas but somewhat higher 
in nutritive value than that grown on most soils of the Humic Latosol 
group. Hilograss is dominant, but other paspalums, kikuyu, and 
the tall forage grasses are well adapted. The shorter sod-forming 
or creeping grasses should be favored over the taller forage for long- 
term pastures. Guava and other noxious shrubs can be controlled 
by periodic clipping if the shorter grasses are used on pastures. 
Machinery can be used on this soil for cultivating and harvesting 
cane and for eradicating or controlling stands of guava or shrubs 
in pastures. 
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Moaula stony silty clay loam, sloping phase (3 to 15 percent slopes) 
(M2s).—This is a stony and shallow or only moderately deep soil of 
the higher lying canelands in the Kau region on the island of Hawaii. 
The principal areas occur on the plateaulike area above Naalehu at 
elevations of 1,200 to 1,900 feet, where the average gradient is about 
7 percent. Smaller areas are associated with the deeper Moaula 
soils throughout the region occupied by the Moalua series. 

The soil varies in depth to bedrock; it ranges mainly from 18 to 36 
inches in thickness. Locally, bedrock outcrops may seriously handi- 
cap use of machinery. In most places, the soil is at least moderately 
stony, and in some it is so stony that machine cultivation and harvest- 
ing of cane is seriously restricted or prohibited. These stony areas 
are generally small; most of the soil can be cultivated, but with 
difficulty. 

Aside from shallowness, the soil profile is generally similar to that 
described for the Moaula series. In those areas that lie above 
Naalehu, the A, horizon is darker brown than is typical for most 
Moaula soils, and the subsoil is generally more friable when wet. 
The B; horizon generally rests directly on slightly weathered lava 
bedrock at depths ranging from 18 to 36 inches or more. 

This soil is used mainly for sugarcane. Data on fertility were 
not obtained, but the nutrient status may be presumed to be similar 
to that for other Moaula soils. 

This soil will produce large yields of forage, but control of noxious 
weeds and shrubs is a problem because it is diffieult to use machinery 
for clipping or for eradication. Hilograss is dominant in the area, but 
other paspalums and kikuyu are well adapted, as are the larger forage 
grasses such as the panicums and Napiergrass. The forage is less 
palatable and less nutritious than that produced in drier areas, but it 
is generally superior to forage grown in wetter parts of the region 
occupied by Humic Latosols. 


HONUAULU SERIES 


These are the soils of the coffee belt in the Kona section on the 
island of Hawaii. They occur at elevations of 750 to 2,250 feet under 
an annual rainfall ranging from 50 to 80 inches per year. The soils 
are mostly in vegetation zone D,, but at the lower limit they extend 
slightly into zone C,. The rainfall is decidedly seasonal; the heaviest 
fall comes from May to September. During the warm summer 
months land-sea breezes form a cloud blanket almost every day. 
This blanket allows coffee to be grown without protection of shade 
trees. Practically all of the coffee grown in the Kona section is on 
the Honuaulu series. Rainfall and temperature for this belt of soils 
is ideal for production of coffee. 

Soils of the Honuaulu series have developed from a thin covering of 
volcanic ash over relatively young lavas. The covering of ash varies 
from a few inches to 24 inches thick in most places. Locally it may 
be 50 or 60 inches deep, but these depths are the exception. The 
soils may be considered young Humic Latosols; they are transitional 
from the modal soils of that group to the Latosolic Brown Forest soils. 
In comparison with most Humic Latosols, they are generally relativel 
well supplied with bases, and their A, horizon is usually darker Glo. 
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Modal profile of the Honuaulu series: 


A, Oto 8 inches, dark-brown clay loam; strong medium granular structure; 
very friable when moist or wet; pH 5.8 to 6.5; roots very numerous. 

B 8 to 11 inches, yellowish-red clay loam; weak medium crumb to fine 
blocky structure; very friable when moist, friable when wet; pH 5.5 to 
6.8; roots numerous. 

C 11 inches +, gritty material consisting of fine weathered volcanic ash 
mixed with small fragments of the lava bedrock; grades to the uneon- 
formable solid lava; locally, the lava may lie as deep as 50 inches, but 
more commonly it is at depths of less then 12 inches, and in many 
places the B horizon is largely within cracks in the rocks. 

Because of the great variation in depth, five mapping units were 
used. The depths used for separating the mapping units correspond 
closely with the depth separations made by Powers, Ripperton, and 
Goto in their study of agriculture of the Kona District (2). 


Honuaulu clay loam, sloping phase (5 to 15 percent slopes) (Huc).— 
This is a shallow soil, although the deepest of the Honuaulu series. 
Bedrock generally lies at depths between 10 and 20 inches, though 
small areas of bedrock may outcrop locally. 

This soil may overlie Aa lava or Pahoehoe lava. The areas over the 
Aa lava are probably the better for coffee. When the coffee is planted, 
it is commonly necessary to dig holes in the lava, particularly in the 
shallower parts of the unit, and digging such holes in Pahoehoe lava is 
extremely difficult and costly. The loose broken surface of the Aa 
lava makes digging less difficult; furthermore soil material fills the 
cracks between the rocks and provides greater water storage than 
where the soil overlies Pahoehoe lava. 

This unit, as a whole, is probably the best soil for coffee in the 
Islands. The unweathered rock is not so deep that the coffee roots 
cannot reach it. The coffee trees undoubtedly get some of their 
nutrients from the unweathered rock. Nevertheless, the soil is deep 
enough to hold moisture sufficient to maintain the trees during dry 
weather. At the time of survey complete fertilizer was used. The 
soil usually needs nitrogen and potash more than it needs phosphorus, 
but in the deeper areas fixation of phosphorus is probable. 

At the time of survey, the coffee was being replaced to some 
extent by tomatoes, snap beans, upland taro, field corn, ginger, and 
smaller amounts of white and sweet potatoes, lettuce, head cabbage, 
and bell peppers. Experience indicates that avocados and mangoes. 
grow well on this soil and that the macadamia nut is well adapted. 


Erosion should be considered when this soil is used for coffee. 
Most of the coffee farms have a stone wall across the lower part, 
and the accumulation of soil along these walls shows that erosion is 
active farther up the slope. This soil is generally so stony that use 
of machinery is difficult if not impossible. Stone walls, which divide 
the land into small parcels and further limit possibilities of mechaniza- 
tion, are evidence of attempts at clearing. Under the present agri- 
culture, the use of machinery is not so important as in those areas 
where cane or pineapple is produced. 


Honuaulu clay loam, very shallow phase over Aa lava (5 to 15 
percent slopes) (Huz).—This is a very stony soil only 4 to 12 inches 
deep to bedrock. Small areas of rock outcrop occur at short inter- 
vals throughout its area. In more than half of the area, the profile 
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consists of an A; horizon separated from the underlying bedrock by 
only a very thin layer of gritty, partly weathered material derived 
from the surface of the rock. The rest of the area, perhaps 30 to 
45 percent of the total, has a thin B horizon of yellowish-red clay 
loam. In these places the yellowish-red material of the B horizon 
extends into cracks between the rocks. 

The surface of this soil is very rough, as it tends to conform with 
the underlying flows of Aa lava. This rough microrelief, stoniness 
of the surface soil, and the numerous bedrock outcrops prohibit the 
use of machinery. 

Coffee is planted on this phase and produces yields only moderately 
inferior to those obtained on the sloping phase of Honuaulu clay loam. 
Holes commonly are blasted into the underlying rock to permit 
planting. The tree roots penetrate into cracks in the lava rocks 
and undoubtedly derive considerable amounts of nutrients from them. 

Fertilization practices are similar to those used on the sloping 
phase of Honuaulu clay loam. Intercopping is done to limited extent. 
In some places this soil is used for vegetables in much the same way 
as the sloping phase. 

This phase is more productive than Honuaulu clay loam, very 
shallow phase over Pahoehoe lava, because it has pockets of deeper 
soil in the rough clinkery Aa flows. Roots penetrate deeper into 
this clinkery mass and have & more abundant water supply and a 
generally larger volume of soil for feeding. 

Where planted to grasses, it is extremely difficult to manage weeds 
&nd shrubs on this stony, rough soil. Hilograss is the prominent 
grass, but other paspalums and kikuyu are well adapted. Although 
the forage is less nutritious than that produced in drier areas, it is 
considerably better than that grown in most areas occupied by the 
Humic Latosols. 


Honuaulu clay loam, very shallow phase over Pahoehoe lava (5 to 
25 percent slopes) (Hur).—This phase is similar to the very shallow 
phase over Àa lava but it overlies the smooth vesicular surfaced 
Pahoehoe flows. The soil material cannot penetrate the unbroken 
rock; it forms a layer through which the bedrock crops out locally. 
In most places the profile consists of about 6 inches of dark organic 
A, horizon tightly bound in a mass of roots. The A; horizon commonly 
rests almost directly on bedrock, but throughout somewhat less than 
half of the area there is a yellowish-red clay loam B horizon only a 
few inches thick. The average depth to bedrock is probably near 8 
or 10 inches, but in very few places is this depth uniform over a large 
enough area to be treated as a unit. In almost all places the depth 
of the soil varies from as little as 3 or 4 to as much as 8 or 10 inches 
within very short distances. 

Coffee is planted on the phase, but to a more limited extent than 
on the phase that overlies Aa lava. Moisture relations are much 
poorer because plant roots cannot penetrate the smooth-surfaced 
underlying lava. When coffee is planted, holes are usually blasted 
into the rock to provide adequate depth for storage of moisture during 
dry weather. Even so, coffee yields considerably less than on the 
phase that overlies the Aa lava. Management practices are similar 
on tbe two soils. 
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Vegetables are grown on the phase to limited extent, but it is less 
well suited to vegetables than the very shallow phase over Aa lava. 
Weed control in pastures is much easier on this phase than on the 
very shallow phase over Aa lava, because this phase has a smoother 
surface and no knobs and knolls of rough, broken lava fragments. 
Hilograss is dominant, but other paspalums and kikuyu are well 
adapted. Pastures are of lower quality than those on soils of drier 
areas, but production is high, and the quality is better than on most 
Humic Latosols. 


Honuaulu clay loam, very shallow phase—Aa lava complex (5 to 25 
percent slopes) (Hxup).—This complex consists of shallow soil and 
outcrops of bedrock. Nearly half the area is outcrop. The soil 
among the outerops is usually less than 6 inches deep. The under- 
lying Aa lava rock is rough and broken, however, so soil material 
penetrates deeply into the cracks and crevices. This soil material 
affords a fair reservoir for storage of moisture and permits plant 
roots to penetrate deeply into the broken rock. 

The soil generally consists of only the A, horizon, which is com- 
monly darker than that on the deeper Honuaulu soils and is held in 
a mat of very fine roots. In the cracks and crevices among the 
rocks, material similar to that of the B horizon may be found. 

This complex has very limited agricultural value. There are a 
few coffee groves on it, but stoniness and shallowness drastically 
hinder cultural operations. Control of guava and other shrubs in 
pastures is almost impossible, so this complex has very limited value 
for grazing. Probably its best use is for forest, even though it does 
supply more water for plants than the very shallow phase—Pahoehoe 
lava complex. 


Honuaulu clay loam, very shallow phase—Pahoehoe lava complex 
(5 to 15 percent slopes) (Huc).—1n this complex there are very small 
areas of very shallow soil and outcrops of Pahoehoe lava. From 30 
to 50 percent of the total area is outcrop. In contrast to the complex 
of the very shallow phase with Aa lava, the surface of this complex is 
smooth, and the bedrock outcrops protrude only a few inches. 

The profile, however, is limited to 6 inches or less of very dark 
brown or almost black A; horizon held firmly in a mass of fine roots. 
This layer, frequently only 3 or 4 inches thick, rests directly on the 
solid smooth-surfaced Pahoehoe flow. The soil has very low water- 
holding capacity, and its value for crops or pasture is very low. 
Probably it is best used for forest. 


KAPOHO SERIES 


Soils of the Kapoho series are young Humic Latosols derived from 
coarse volcanic cinders. They occur at elevations ranging from sea 
level to 1,000 feet on the islands of Hawaii and Maui. They receive 
an annual rainfall ranging from 75 to 120 inches and occur entirely in 
vegetation zone D,. 

The youth of these soils is indicated by relatively high pH values 
and the presence of slightly weathered or completely unweathered 
volcanic cinders relatively near the surface. The pH is generally 
above 6.0 in the surface layer and seldom below 5.8 in the subsoil. 
In contrast, older soils derived from volcanic ash in this general vicinity 
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generally have pH values below 5.5. Soils of the Kapoho series may 
be considered transitional from typical Humic Latosols to the Latosolic 
Brown Forest soils. There was considerable doubt as to which of 
these two great groups of soils the soils of the Kapoho series most 
resembled. In many respects they are like soils of the Honuaulu 
series, but they are derived from cinders instead of ash. 

Modal profile of the Kapoho series: 

A; 0 to 8 inches, dark-brown silt loam or silty clay loam; moderate to 
strong medium granular structure; very friable when moist or wet; 
pH 6.0 to 6.8; roots very numerous. 

B 8 to 12 inches, dark-reddish brown loam to sandy clay loam; weak to 

moderate medium crumb structure (mealy); friable when moist or wet; 
pH 5.8 to 6.5; roots numerous; material is gritty because it contains 
partly weathered cinders. 
12 inches +, black or brown volcanic cinders, visibly weathered in upper 
part; pH 6.0 to 7.0; roots may penetrate this material, which is of 
single-grain structure; layer of cinders rests unconformably on solid 
bedrock that generally is very slightly weathered or completely un- 
weathered; bedrock may replace C and part of B. 

In different places there is considerable variation in the character 
of the materials underlying the A; horizon. Where the soils are very 
thin, the A; horizon is commonly gritty because it contains undecom- 
posed cinders. Where the soils are deeper, this grittiness is not 
particularly apparent until one reaches the lower part of the B horizon. 
Volcanic cinders are dominant constituents in the C horizon of 
Kapoho soils, but some fine ash undoubtedly was deposited at the 
same time. In some places definite strata of fine ash occur within the 
cinder beds underlying these soils. In other areas the solum itself 
may be derived from a finer material resembling the volcanic ash 
that gives rise to the Honuaulu series. Even in these places, however, 
the solum is underlain by the coarse, cindery deposits characteristic 
of the Kapoho series. 

In some places on the island of Maui it appears that the cindery 
substratum of the Kapoho soils was deposited by running water. 
On the island of Hawan near Kapoho, where soils of this series occur 
principally adjacent to well-defined cinder cones, the soil material is 
deepest on the leeward side of the cone and depth decreases with 
distance from the cone. With distance from the cone, the proportion 
of coarse cinders also becomes less. Near their margins the Kapoho 
soils grade almost imperceptibly into the shallow soils of the Hilo 
family, which are derived from fine volcanic ash. 


Kapoho silt loam, gently sloping phase (2 to 8 percent slopes) (K2x).— 
This is a productive soil with a solum generally less than 18 inches 
thick over raw or only partly weathered black or brown volcanic cin- 
ders. The deposit of cinders is loose, open, and porous. The profile is 
that given for the Kapoho series. 

This soil generally occurs near the source of volcanic material, but 
in a few places on the island of Maui, the material may have been moved 
by water. On the island of Hawaii it occurs on the western and 
southern sides of cinder cones, and here the coarser materials have 
contributed most to the soil. 


„This is a “strong” soil, high in bases and relatively better supplied 
with plant nutrients than most other soils of the Humic Latosol group. 
On the island of Hawaii it is used for cane without irrigation. In 1936 
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yields were reported to be 5 to 10 tons of cane more per acre than on 
nearby soils (Hilo family) that developed on more highly weathered 
materials. This Kapoho soil probably receives more sunlight than 
the soils of the Hilo family, and this would partly account for its higher 
yield of cane. In the Hana section on the island of Maui this soil was 
once used for sugarcane, but that area is now dominantly in pasture. 
Hilograss is the dominant volunteer species, but other paspalums and 
kikuyu are well adapted, and so are the tall forage species such as 
Napiergrass and panicums. This soil produces very high yields of 
forage, which is relatively low in dry matter but probably somewhat 
better than that produced on most of the Humic Latosols. The soil 
is well adapted to the use of machinery for mowing or for eradication 
of established stands of guava or other noxious shrubs that grow in this 
vegetation zone. It should be well suited to various vegetables and 
some fruits, but few crops of that kind are grown on it. 

Kapoho silt loam, gently sloping shallow phase (2 to 8 percent 
slopes) (K2m).—This soil is 8 to 20 inches thick over bedrock and has 
large amounts of loose stone and many outcrops at the surface. The 
profile generally consists of the A, horizon as described for the Kapoho 
series, a very thin dark reddish-brown B horizon, and then slightly 
weathered cinders. The cinders rest on solid bedrock, normally at 
depths less than 20 inches. In many places the cindery material is 
evident only as gritty material in the B horizon. In a few places the B 
horizon is absent and the A, is separated from solid bedrock by only a 
thin layer of reddish-brown gravelly clay loam. This thin gravelly 
layer appears to be derived partly from a deposit of volcanic ash and 
cinders and partly from material weathered from the glassy surface of 
the Pahoehoe flows. 

The use of machinery on this phase is very difficult, and in some 
places impossible. Slopes are mild, but the loose stones and rock out- 
crops severely handicap mechanization. 

This soil was used for cane on both Hawaii and Maui, but that on 
the island of Maui is now used for pasture. Yields of cane were re- 
ported to be only slightly inferior to those obtained on the gently 
sloping phase, though difficulty of using machinery made costs of pro- 
duction much higher. In was mainly for that reason that this soil in 
the vicinity of Hana was taken out of cane production. 

This soil is relatively fertile, compared to other soils of its climatic 
zone, and in most places is deep enough to supply adequate water for 
crops. It occurs on the windward side of the islands, where the annual 
precipitation is high and quite uniformly distributed. 

Where the soil is used for pasture, stoniness severely handicaps the 
control of guava, which quickly invades the land. Hilograss is the 
principal volunteer species, and other paspalums and kikuyu are the 
important introduced sod-forming or creeping grasses. The soil is also 
productive of the tall forage grasses, such as the panicums and Napier- 
grass, but its stoniness limits their use. This soil produces a large 
quantity of forage relatively low in total dry-matter content and 
inferior for fattening cattle. Nevertheless, it is normally better than 
the forage on many other Humic Latosols. This soil is a good source of 
reserve feed; it will pasture breeding herds if adequate supplemental 
feed is supplied. Except for the stoniness, this soil should be well 
suited to various kinds of vegetables and some fruits. 
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Kapoho silty clay loam, sloping phase (5 to 15 percent slopes) 
(K2»).—This slightly stony sloping phase occurs in the vicinity of Hana 
on the island of Hawaii. It averages about 30 inches in depth to bed- 
rock but the range is from 24 to as much as 60 inches. A few stones 
are on the surface, but the soil is generally adaptable to machine 
cultivation. At one time it was used for sugarcane and considered one 
of the best soils on the Hana Plantation for that crop. Because of its 
limited area in an otherwise very stony region it was taken out of cane 
and converted to pasture. Nevertheless, it should be considered one 
of the better sugarcane soils under this kind of climate. 

Hilograss is the most important volunteer species in pastures, but 
paspalums and kikuyu are also well suited. Most of the pastures on 
this soil consist of one or more of these grasses. The tall forage grasses 
such as the panicums and Napiergrass are also well adapted. As on 
other soils of this vegetation zone, guava soon invades pastures unless 
practices for its control are used. Paspalums and kikuyu are preferred 
to the taller grasses because they allow mowing to keep down the 
guava. The soil is adapted to the use of machinery for mowing or for 
the eradication of guava in infested areas. 


The soil produces a very large amount of forage that is low in total 
dry matter and is generally not so palatable as that produced in drier 
areas. It is inferior for fattening cattle but excellent as supplemental 
pasture during dry periods, or for grazing the breeding herd. 

The soil should be well suited to various vegetable crops and some 
fruits. It occurs in an isolated area, however, so marketing would 
be a serious problem. 


Kapoho silty clay loam, gently sloping shallow phase (2 to 5 percent 
slopes) (K2n).—This soil occurs only in the vicinity of Kapoho on the 
island of Hawaii. Except for texture, it is similar to Kapoho silt 
loam, gently sloping shallow phase. It occurs dominantly on the lee- 
ward side of cinder cones, where more fine-textured material has been 
deposited than in areas where Kapoho silt loam occurs. It isa 
shallow soil, mainly 8 to 20 inches deep, that has large numbers of 
loose stones and a moderate amount of bedrock outcrops. 

The A, horizon may be separated from bedrock by only a thin layer 
of reddish-brown gravelly clay loam. This thm gravelly layer 
appears to be partly weathered cinders and ash and partly material 
weathered from the glassy surface of the underlying Pahoehoe flows. 
In shallower areas cinders within the B or A, horizon are the only 
evidence that the soil material largely came from volcanic cinders. 
In the deeper areas the B horizon is thicker, and it is abruptly under- 
lain by a distinct layer of brown or black only slightly weathered 
volcanic cinders. The profile is typical of that given for the Kapoho 
series. 

The soil is used for sugarcane without irrigation. In 1936, yields 
were reported to be lower than those obtained on the gently sloping 
shallow phase of Kapoho silt loam. As on that soil, outcrops and loose 
Stones preclude the use of machinery or make its use extremely 
diffieult. Some progress has been made toward clearing the soil for 
mechanization. The soil is fertile, relative to other Humic Latosols, 
&nd receives more sunlight than is normal for most areas receiving 
such high rainfall. 
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Hilograss is the dominant volunteer species in pastures, but other 
paspalums and kikuyu are well adapted. Control of guava is seriously 
handicapped by the stoniness. Aside from the difficulty of cropping, 
this soil should be suited to a variety of vegetables and fruits. 

Included with this soil is an area near Hana on the island of Maui 
that has a very complex relief consisting of alternate small knolls and 
depressions. This soil varies from 10 to 24 inches in depth, its 
shallowest parts usually being on the small knolls. This included 
soil is somewhat stony but adaptable to some machine cultivation. 


TANTALUS SERIES 


This series was first named for the soil that occupies most of the 
Tantalus spur in the mountains behind Honolulu. It was later 
expanded to include cinder cones that occur under similar climatic 
conditions throughout the Hawaiian Islands. The soil for which 
this series was originally named occurs at elevations that range from 
500 to 2,000 feet, receives 60 to 150 inches of annual precipitation, 
and occurs entirely in vegetation zone D,. 

With the expansion to include the various cinder cones, the series 
extends slightly into vegetation zone Ds, occurs under rainfall as low as 
50 inches per year in some places, and extends to elevations as high as 
3,000 feet in other places. These areas of low rainfall or high eleva- 
tions should be regarded as inclusions, as they are not typical of the 
modal soil of the series. 

The soil profiles vary considerably, depending somewhat on the 
age of the cinder deposit and the amount of rainfall. In most places 
the materials are relatively highly weathered to a depth of at least 
3 feet, but raw, unweathered emders may occur locally only 18 
inches below the surface. In most places this series has the Aj, 
B, and C horizons characteristic of Humic Latosols, but locally, 
especially on some of the cinder cones, raw cinders may immediately 
underlie the A, horizon. These areas having a thin solum should 
also be considered as inclusions that were not delineated separately 
in reconnaissance mapping. 

Modal profile of the Tantalus series: 

Ay O0to9 inches, dark-reddish brown silty clay loam; strong medium granular 
structure; very friable when moist or wet; pH 5.5 to 6.5; roots very 
numerous. 

B 9 to 27 inches, reddish-brown silty clay loam; weak fine blocky to crumb 
structure; very friable when moist, friable to weakly smeary when wet; 
pH 5.5 to 6.0; roots numerous : 

C, 27 to 45 inches, reddish-brown or brown soft weathered volcanic cinders 
that retain their original structure, mixed with black, hard, relatively 
unweathered cinders. 

C, 45 inches +, black and brown unweathered voleanie cinders; bedrock 
generally at depths of several feet. 

Inasmuch as this soil occurs almost entirely within areas mapped 
in reconnaissance, only two separations were made. The first— 
Tantalus silty clay loam, phases undifferentiated—occurs on the 
islands of Oahu and Hawaii and consists of those areas on all kinds of 
slopes that developed on a relatively uniform mantle of volcanic 
cinders. The second— Tantalus silty clay loam, cinder-cone phase— 
represents the heterogeneous soils derived from cinders on volcanic 
cones. 
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Tantalus silty clay loam, phases undifferentiated (3 to 40 percent 
slopes) (Ts).—These phases have profiles like the modal profile for the 
Tantalus series; that 1s, & moderately deep soil layer resting on rela- 
tively unweathered coarse volcanic cinders. The soils are young in 
comparison with most other Humic Latosols, but their surface hori- 
zons have been at least moderately depleted of bases, and weatherin 
has progressed to a depth of 3 feet or more. They are not so depleted 
of bases as most Humic Latosols, however, and in this respect some- 
what resemble an intergrade between soils of the Kapoho series and 
the normal Humic Latosols. 

As this area was mapped in reconnaissance, no attempt was made 
to differentiate on the basis of slope. Much of this unit on the island 
of Oahu has slopes in excess of 20 percent. The gently sloping areas 
are on the narrow ridge crest of Tantalus hill. A high proportion of 
this unit is used for urban development or is forested. Small vegetable 
and flower gardens on this soil appear to produce well. Other than 
this, however, there is little or no agricultural activity, and the area 
appears to be destined either for use in forestry or for homesites. The 
vegetation is characteristic of that in this climatic belt. 


Tantalus silty clay loam, cinder-cone phase (10 to 40 percent 
slopes) (Ta).—These are the cinder cones of the wet regions. The 
soil profile varies greatly, as is indicated in the description of the series. 
It may vary among different cinder cones, and also on a single cone, 
depending on the kinds of materials that have been deposited on the 
various slopes of the cone. 

This soil is used principally for forests, but locally it may be used 
for grazing. It is adapted to the same pasture species as other soils of 
the Humic Latosol group. 


KAHANIKI SERIES 


In the Kahaniki series are young soils derived either from alluvium 
or from adjacent deposits of volcanic cinders and ash. They are con- 
fined to the island of Oahu in the vicinity of Tantalus and are not 
important in the agriculture of the Hawaiian Islands. They occur at 
altitudes ranging from 100 to 750 feet and receive 60 to 150 inches of 
precipitation per year. They are entirely within vegetation zone D,. 

The soil profile varies from place to place, depending upon the char- 
acter of the alluvium. In some places the C horizon may consist 
almost entirely of cinders. Some doubt exists as to whether these 
cinders were deposited by water or dropped from the air during erup- 
tions of Tantalus. In the cindery places the soil resembles that of the 
Tantalus series. For the most part, however, there are no well defined, 
thick strata of cinders, and the C horizon consists of weathered fine 
earth in which moderate to large amounts of voleanic cinders are em- 
bedded. The general profile, except for the parent material, is very 
much like that of the Tantalus soils. 


Modal profile of the Kahaniki series: 


A: 0 to 15 inches, dark-brown silty clay loam; strong medium granular 
structure; friable when moist, slightly sticky when wet; pH 5.5 to 6.0; 
roots very numerous. 

B 15 to 42 inches, reddish-brown silty clay; weak fine blocky structure; 
friable when moist, slightly sticky when wet; pH 5.5 to 6.0; roots nu- 
merous. 
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C 42 inches +, brown or reddish-brown partly weathered alluvium from 
adjacent deposits of volcanic cinders; undecomposed cinders make this 
material gritty. 

Kahaniki stony silty clay loam, phases undifferentiated (2 to 25 
percent slopes) (Kw).—In most places moderate to large amounts of 
stones are on the surface and embedded in the soil. The profile and 
its variations are as described for the Kahaniki series. One small in- 
clusion, at the base of the slopes of Round Top Hill in an area slightly 
drier than normal for the series, has an A, horizon less distinctly 
developed and shallower than normal. 

The soil is used to a limited extent for vegetables, but most of it is 
idle or forested. It occurs in an area subject to high population pres- 
sures and in small bodies adjacent to steep rocky slopes, so its use 
depends largely upon the accidents of ownership and the nearby Hono- 
lulu market. No data on crop yields were obtained. Crop adapta- 
tions and management requirements should be quite similar to those 
described for the Kapoho series. 


UNDIFFERENTIATED UNITS 


Those soils of the Kapoho family on such steep slopes or so extremely 
shallow that all other soil properties are subordinate have been 
placed in two mapping units. Grouped in one unit as Kapoho family, 
steep phases, are soils with slopes ranging from 25 to 50 percent. In 
the other unit —Kapoho family, very shallow phases—are all of the very 
shallow soils for which underlying bedrock was not differentiated as 
to degree of weathering or kind of lava. This unit does not include 
the very shallow soils of the Honuaulu series in the Kona section, 
which are used intensively for coffee growing. 


Kapoho family, very shallow phases (3 to 15 percent slopes) (K2u).— 
These soils have bedrock at depths of 4 to 12 inches, and outcrops of 
bedrock occupy more than 20 percent of the total land surface. In 
most places the soils consist of only an À, horizon that rests almost 
directly on the bedrock. The bedrock is not conformable with the 
parent material of the soils, which came largely from volcanic ash or 
cinders. Strictly speaking, none of these soils could be classified 
correctly as a member of any of the series of the Kapoho family, for 
most of the solum except the A, horizon is lacking. The A, is usually 
darker in color than is normal for most of the soils of the family, and 
is firmly held in a mat of very fine roots. The A, varies from sandy 
clay loam to silty clay in texture; the sandiness has been contributed 
by rock fragments from the underlying lava. 

This mapping unit is too stony and rocky for machine cultivation. 
In most places it is idle or in pasture. In a few places, as for example 
in the vicinity of Kapoho on the island of Hawaii, it was used for 
hand-cultivated sugarcane at the time of survey. Idle areas are 
usually infested with guava and associated ferns. Hilograss is gener- 
ally the dominant species in pastures, but various shrubs and weeds 
usually grow with it. The land is capable of producing high yields 
of forage of moderate to low quality, but stoniness severely handicaps 
pasture management, particularly the control of shrubs. The actual 
carrying capacity of the land is commonly below its potential capacity, 
but the loose stones and rock outcrops make pasture improvement a 
doubtful undertaking. 
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Kapoho family, steep phases (25 to 50 percent slopes) (K2a).—The 
unit is confined to the Kona and Kau sections on the island of Hawaii. 
The soils vary from as little as 4 inches to as much as 50 or 60 inches 
deep over bedrock. Generally, they are less deep than the more 
gently sloping soils with which they are associated. The soil profile 
is generally similar to that of the series with which it occurs. 

In a few places these steep areas have been used for hand-cultivated 
sugarcane. The steep slopes prohibit use of heavy machinery, and 
such hand-labor areas are being abandoned. A few areas in the 
Kona section are used for the production of coffee. When these 
areas are idle, they are generally covered with guava and ferns. When 
pastured, they support a weedy stand of Hilograss. Pastures are 
difficult to improve because slopes are so steep that reseeding or 
clipping for the control of shrubs is not practical <A large part of 
this land is idle; its total area is small. Probably forest would be 
the best use. 


HYDROL HUMIC LATOSOLS 


When wet, the ITydrol Humic Latosols resemble the Humic Latosols. 
They differ from Humie Latosols in the character of their clays. 
When wet, they smear under pressure, but they cannot be rehydrated 
once they are dried. Available evidence indicates that the clays are 
largely oxides. 

The soil profile consists of a strongly developed, highly organic A, 
horizon over a red or yellowish-red, sometimes slightly mottled, 
smeary B horizon that is transitional to highly weathered parent 
material. These soils occur on all of the islands surveyed except 
Lanai at elevations ranging from 400 to 8,000 feet above sea level. 
The average annual precipitation ranges from 100 to 500 inches 
per year. 

SOILS OF THE KOOLAU FAMILY 


'The Koolau soils are derived from the residuum of rock weathered 
in place. As in other soils of the Hydrol Humic Latosol group, the 
clays of the Koolau family dehydrate irreversibly when the soils dry. 
When the soils are wet, the clays smear under pressure. The subsoils 
are yellowish brown or yellowish red, and commonly somewhat mottled 
with gray in the lower part. They are very acid, very highly leached 
soils that have lost bases and silica. As a result iron and aluminum 
compounds have been concentrated ; silica-sesquioxide ratios generally 
are near 0.5 or below. The relationships of the Koolau family to 
ee families of the Hydrol Humic Latosol group are shown in 
table 17. 

In the Koolau family are the only soils of the Hydrol Humic Latosol 
group derived from the residuum of rock weathered in place. . They 
differ from soils derived from volcanic ash in having bulk densities 
near or greater than 1.0. Soils of families derived from volcanic ash 
are very light; they commonly have bulk densities well below 1.0. 

Soils of the Koolau family occur on all of the islands surveyed except 
Lanai. They are at elevations ranging from 400 to 8,000 feet, but 
by far the greater part of their area lies between 1,000 and 6,000 feet. 
Onty on the island of Maui are soils at elevations above 6,000 feet 
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included in this family, and they may be considered as transitional 
to Latosolic Brown Forest soils, which occur at higher elevations. 

The rainfall in this vegetation zone is extremely heavy, mainly 
from 150 to 300 inches per year. A few places on the islands of 
Molokai and Oahu that occur under rainfall as low as 100 inches have 
been included in the family. On the islands of Maui and Kauai, 
these soils have been mapped in complexes with Alakai peat or rough 
broken land under rainfall as high as 450 or 500 inches per year. In 
these areas of greatest rainfall the soils are transitional to hydro- 
morphic soils. 

The Koolau family occurs entirely within vegetation zone D; as 
defined in the section on Soils and Vegetation. Tt is in a rain-forest 
vegetation zone dominated by the ohia-tree fern association. Prac- 
tically all of the area is in forest reserve. Koa occurs in the associa- 
tion. In cleared areas guava extends well into this phase, or to eleva- 
tions of about 2,500 feet. Where the trees have been cleared away, 
Hilograss is dominant, and there are lesser amounts of ricegrass and 
other common wetland species. The soils of this family are generally 
above the altitude limit that permits cultivation. 

Except for decrease of organic matter with depth, the profile of 
these soils is quite uniform in chemical and physical properties. The 
A; horizon, commonly 4 to 10 inches thick, is dark gray or very dark 
grayish brown. It is very strongly acid, commonly below pH 5.0. 
In contrast to the A, of the Humic Latosols, it is only weakly granular 
and smears under pressure. The B horizon is yellowish brown or 
yellowish red and frequently mottled with gray in the lower part, 
particularly in the wetter areas. It is very smeary when wet, and 
when it dries it dehydrates irreversibly and forms hard angular frag- 
ments. The soils shrink markedly upon drying. Their B horizon is 
extremely acid. The depth of solum varies with the age of lava; on 
some of the younger lavas it may be very thin. When lava weathers 
in this climatic zone, the end product is almost always highly depleted 
of bases and silica. Consequently, there is no transitional zone, or 
at most a very thin one, from the solid bedrock to a material with 
silica-sesquioxide ratios essentially as low as those in the solum of 
the soil itself. 

The family consists of three series—the Koolau, Amalu, and Hono- 
manu: The relationships among these series are shown in table 62. 


USE AND MANAGEMENT 


Essentially none of the soil in this family is cropped. By far the 
greater part is used for forest; pastured areas extend into the lower 
limits of the family on all of the islands, but forestry is the dominant 
use. 

Water, not timber, is the most valuable product of forests on these 
soils. It is from land like this that water comes to make intensive 
agriculture possible in the drylands used intensively for sugarcane. 
The forests are an essential part ot the water supply system, as they 
regulate the flow. To be effective in this function, the forests must be 
protected from damage by animals. If they are grazed, the animals 
eventually destroy the ferns, vines, and herbaceous plants. The soil 
then dries out and the shallow root system of the trees soon begins to 
decay. Eventually the forest is destroyed. 
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TaBLE 62,-—Key, modal profile, and environment 


I 
Modal profile | 
| Horizon Color (moist) | 
| 
Key mE Range in depth | 
Let to— Texture | 
er I | 
sym- Name Munsell | 
bol | Upper | Lower i | 
limit | lmit | | 
ii i 
A. Derived from old | | 
deeply weath- i 
ered rocks: Inches | Inches | 
Al 0 6-12 | Dark gray....... 2,5Y 4/2-4/0.; Silty clay-.-.. 
1. Without well Koolau. || B 6-12 | 81-86 Yellowish e 5/4- 
developed Ao C | 18-36 Gray, yellow, and brown soft weathered rock, 
g D Unweathered basalt, andesite, or trachyte, 
Aa 4 to 6 inches of brown, soft, mushy decaying 
Ai Very dark 10YR 2/2....| Süt loam... i 
2. With a thick Amalu.. brown. 
peaty Ao B Mottled yellow, gray and brown day ?..___... 
horizon. Cc Gray, yellow, and brown soft weathered rock, 
As -| 2 to 6 inches of brown, soft, mushy decayin; 
. Ai Very dark 10YR 2/2....| Bilt loam... 
B. Derived from Hono- brown. 

younger manu. |} B 6-12 | 12-24 | Yellow, gray, and brown clay embedded in a 
slightly weath- D 12-24 |........ Unwesthered bedrock; upper part may have 

ered rocks. rock. 


1 May be weakly mottled with gray. 
2 May include horizontal rust-brown sheets of ironstone. 


Ohia lehua is the principal indigenous tree in the area occupied by 
this family, and where protected, it is the dominant species. Because 
of its minute seed and the difficulty of propagating, it is not feasible 
to use ohia lehua in replanting, and besides, it grows very slowly. 
The other indigenous tree of importance is the Hawaiian koa, which is 
easily propagated and has been used to a considerable extent for 
reforesting the better drained parts of these soils. A number of trees 
have been introduced for reforestation of watersheds. Among these 
are the turpentine tree, Formosa koa, Norfolk Island pine, eucalyptus, 
Japanese-cedar, paper-bark tree, and silk oak. These have been 
planted, for the most part, along the lower edges of the forest preserves; 
they serve as a barrier between the open lands used for grazing below 
and the native forests above. At the higher elevations and in the 
wettest parts or the vegetation zone, ohia lehua remains the dominant 
species. The forest is very dense and has an almost impenetrable 
undergrowth of ferns and various herbaceous plants and vines. With 
the exception of the native Hawaiian koa, little commercial use has 
been made of the wood produced in these areas. The principal 
function of the forests is to conserve water. 

Pastures that extend into the area occupied by this soil family are 
limited in value and definitely poor for fattening cattle. Hilograss 
is dominant in most areas; it is the species that volunteers when the 
forest is removed.  Ricegrass is prominent throughout these areas. 
The forage has low palatability and very low dry-matter content. 
Although data are not available, the forage probably 1s low in minerals. 
The amount of forage produced is moderately large, although likely 
not so much as the average for soils of the Humic Latosol group. The 
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of soil series of the Koolau family 


Modal profile—Continued Environment 
Consistence 
| Annual Vege- 
| Structure pH Island | rain- | Elevation | tation 
| Wet Dry fall fone 
i 
i 
i i 
Moderate coarse | Smeary......... Türmes 2 4. 0-5. 0 
granular. Di. 
Moderate medi- | Strongly smeary.| Hard. Dz 
um granular. Bhi Ds. 
retaining original strueture.............. 100-200 Ds. 
usually at depths a mors man ad feet. i 
organic matter that partly re origina! " 7 
Ur | | ^ EC Heri. ues fiae | Be 
To c e one " .s |f Maul.” 175-600 |2 500-8, 000 | D. 
solid bedrock usually at depths of more than 20 feet „J Molokai. [200-350 |2, 000-5, 000 | Ds. 
organic matter... 2l Ll ccc E 
Weak Soarse Strongly | Hard.. 
erumb. smeary. T 
mass of small rock fragments. -~-a Maul. _.|150-300 | 500-3, 000 | Dx. 
weathered material extending a foot or more into openings in the 


greater abundance of weeds and herbaceous plants on these soils 
reduces yields. Guava and false vervain are constant pests. They 
invade pastured areas quickly, and only by periodic mowing can their 
growth be controlled. Such management is rarely practiced on these 
soils. With the guava and vervain come ferns of various kinds that 
further reduce the area for production of edible forage species. In 
those areas where pastures are being improved, kikuyu is about the 
only species now planted. Its aggressiveness and creeping habit 
makes it somewhat better adapted than the paspalum species, although 
paspalums will grow at least moderately well on these soils. The 
larger ranches that have pasture on these soils commonly use it for the 
breeding herd or as a source of reserve feed in dry years. The soils 
are of limited value for grazing. 


KOOLAU SERIES 


The soil of the Koolau series occurs in wet regions at the upper 
limit of the areas used for grazing or at the lower limit of present 
forests. Itis at elevations ranging from 400 to 5,000 feet and receives 
an annual rainfall of 100 to 250 inches. The soil occurs entirely 
ao vegetation zone D, on the islands of Kauai, Maui, Molokai, and 

u. 

The Koolau soil occupies the driest part of the region occupied by 
the Hydrol Humic Latosols, but rainfall is extremely high. The 
profile is characterized by the grayness of the A, horizon, the yellow- 
ness of the B horizon, and the “smeariness” of the soil material when 
it is wet. When the soil dries, the clays dehydrate irreversibly and 
form bard granules. The soil is very highly leached and almost 
completely depleted of bases. Silica has also been removed, so there 
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are high concentrations of iron and aluminum compounds. Silica- 
sesquioxide ratios are generally 0.5 or below. 

Modal profile of the Koolau series: 

At 0 to 9 inches, dark-gray silty clay; moderately developed coarse or 
medium granular structure; friable when moist, firm or hard when dry, 
smeary when wet; pH 4.0 to 5.0; roots very numerous. 

B 9 to 27 inches, yellowish-brown to yellowish-red silty clay; moderately 
developed medium blocky structure; hard when dry, friable when moist, 
strongly smeary when wet; pH 4.0 to 5.0; roots present; may be weakly 
mottled with gray in lower part. 

C 27 inches +, gray, yellow, and brown soft weathered rock thay may be 
crushed or smeared with the fingers but retains the original rock struc- 
ture; solid rock cores appear in this material at depths or several feet; 
solid bedrock is usually at depths greater than 20 feet. 

In places the Koolau soil appears to be developing into a soil 
comparable to those of the Humic Ferruginous Latosol group. The 
surface layer in these areas is silty and high in bulk density, and on 
close examination is seen to be made up of fine earth in which are 
many tiny glistening specks. Under the microscope these specks are 
seen. to be definite crystals that have been identified in other soils as 
magnetite, anatase, or ilmenite. An area on the island of Oahu has 
been included that has a concentration of resistant primary minerals 
in a kaolinite base. The inclusion of resistant materials is thought to 
be an exception rather than the rule for the series as a whole. 

The soil properties vary somewhat with elevation and with in- 
creasing rainfall. At the lower altitude limit, the soils grade into the 
Humic Latosols; the A, horizons are more distinctly granular and 
browner and the B horizons are more distinctly reddish. Near the 
upper and wetter limits of the series, the soil assumes some hydro- 
morphic characteristics. The A, horizon is less distinctly granular 
and is much grayer. Generally, in these wetter areas, the A, horizon 
is also thinner. Also, the B horizon is distinctly yellowish and in some 
places may be weakly mottled with gray in the lower part. The 
mottling indicates poor aeration. The series as a whole, however, 
consists of material that is very porous and is easily penetrated by 
water. This material has high water-holding capacity, and the clays 
shrink markedly on drying. 

Because this series occurs in an area surveyed only in reconnaissance, 
no attempt was made to differentiate among the various phases of the 
principal type. The entire area was mapped as Koolau silty clay, 
phases undifferentiated. 


Koolau silty clay, phases undifferentiated (5 to 25 percent slopes) 
(Kx2).—The soil profile and its variations are those described for the 
Koolau series. Typically, the soil occupies narrow ridgetops in the 
less steeply sloping areas between precipitous gorges that have dis- 
sected the mountains. The entire area slopes toward the sea. The 
soil pattern consists of areas of rough broken land or steep rockland 
alternating with this unit of Koolau soil. These long areas of the 
Koolau soil vary from a few rods to more than one-fourth mile wide 
between the gorges. In a few places the soil occupies large continuous 
areas that are not dissected. 

The Koolau soil is used principally for forestry on the watershed 
from which irrigation water is obtained for the drier lands at lower 
elevations. Itis an extremely valuable soil for this purpose. Without 
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it, some of the most productive lands in the Hawaiian Islands would 
be suited only to pasture of very low carrying capacity. The virgin 
cover consists of ohia lehua, koa, and various less important trees in 
association with a very dense undergrowth of herbaceous plants, 
ferns of many varieties, and trailing vines. Such areas are almost 
impenetrable. From their appearance one would judge that forests 
on this soil are more productive than those occurring in wetter regions 
on soils of the Amalu series. In undisturbed areas, the trees form a 
complete canopy, whereas on the Amalu soils the trees appear to be 
stunted in many places, and in others dead trees are conspicuous. 
The forests do not appear to be so vigorous, however, as on the 
shallower soils of the Honomanu series, which occur under similar 
rainfall. 

It is mainly on this unit that pastures extend into the region oc- 
cupied by Hydrol Humic Latosol soils that are derived from rock 
weathered in place. In these places Hilograss is dominant, but locally 
kikuyu has been planted. In most pastures small ferns occur in the 
association, and guava and false vervain are pests that must be con- 
trolled if forage production is to be effective. In smoother areas 
control can be accomplished by periodie mowing. Although the 
pastures produce large amounts of forage, it is of low quality because 
it is low in palatability and in total dry-matter content. It is probably 
low in minerals, though this has not been established as fact. 


AMALU SERIES 


Soils of the Amalu series are transitional from the Koolau series 
to the highly acid raw peats of mountain summits. Poor aeration is 
evident, but the soils have a profile too much like that of Hydrol 
Humic Latosols to justify correlation as a definite hydromorphic 
series. 

A soft mushy mat of decaying vegetable matter on the surface is 
characteristic, Under this is an A; horizon quite similar to that in 
the Koolau soils. "The A; grades to a B horizon that resembles the 
B horizon of the Koolau soils except for more pronounced mottling. 
At the place of contact with the weathered rock there is commonly a 
thin, horizontal, discontinuous sheet of ironstone ranging from X to X 
inch in thickness. Such sheets appear to occur at any point in the 
profile where very porous materials overlie relatively less permeable 
substrata; they appear throughout the zone of soft weathered rock 
and are found at considerable depth. 

Modal profile of the Amalu series: 

Ay 3 to 6 inches of brown, soft, mushy mat of decaying vegetable matter 
that partly retains original vegetative form; extremely acid; filled with 
roots. 

A, 0 to 7 inches, very dark-brown silt loam; weak coarse erumb structure; 
hard when dry, strongly smeary when wet; pH 4.0 to 4.5; roots very 
numerous. 

B 7 to 27 inches, yellowish-brown clay mottled with gray and rusty brown; 
structureless but porous; hard when dry, strongly smeary when wet; 
pH 4.0 to 4.5; at the contact with weathered rock, may contain dis- 
continuous horizontal sheets of ironstone a fraction of an inch thick. 

C 27 inches +, gray, yellow, and brown soft weathered rock, commonly 
with vhin sheets of ironstone in cracks or around rock cores; this soft 
material grades through a zone in which solid rock cores become in- 
creasingly numerous with depth to solid bedrock, which is usually 
below 20 feet. 
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The soil is extremely variable wherever it occurs. The variation is 
to a large extent correlated with slope and elevation and rainfall. On 
the stronger slopes, the solum is commonly shallowest and the B 
horizon exhibits the least mottling. In these places, except for the 
presence of a well defined A; horizon, the soil approaches the profile 
of the Koolau series. In the less strongly sloping areas, for example 
on slopes of less than 15 percent, the B horizon is generally at least 
moderately mottled, and it is in these places that the sheets of iron- 
stone are in evidence. The mottling and the presence of ironstone 
become more prominent at the highest elevations and under the 
highest rainfall. Near the crests of some of the mountains the soil 
grades to the raw peats of the Alakai series. 

Soils of the Amalu series do not occur in areas large enough to be 
mapped by themselves in the reconnaissance type of survey that was 
used for this region. At the lower elevations and on the stronger 
slopes at higher elevations, a complex of Amalu clay with rough broken 
land was mapped. At the higher elevations that include areas of 
sloping or gently sloping land, a complex of Amalu clay—Alakai 
peat—rough broken land was mapped. 


Amalu clay—rough broken land complex (5 to 50 percent slopes) 
(Ar).—This complex occurs on Haleakala on the island of Maui, on 
the Kohala Mountain on Hawaii, and on Kauai in those areas where 
Amalu clay is associated with the steep broken slopes of rough broken 
land. The soil profile for the Amalu clay part of this complex is 
essentially as described for the Amalu series; it represents, for the 
most part, the range of characteristics for the driest part of the region 
in which Amalu soils occur. The rough broken land part of the 
complex consists of steep precipitous slopes, largely devoid of true 
soil, that have a deep mantle of highly weathered basalt or andesite 
in which plants can grow. 

The Amalu soil and the Rough broken land occur side by side in 
a pattern constantly repeated. The land surface slopes toward the 
sea, but dissection has left Amalu clay on the narrow sloping ridge- 
tops and rough broken land on the steep dissection forms. On the 
older mountains the ridgetops of Amalu clay are very narrow, or from 
a few rods to several tens of rods across. In these old areas there is 
normally more rough broken land than Amalu clay. On Haleakala, 
dissection has been less intense and the sloping ridge crests are much 
broader. In these areas the Amalu clay constituent far exceeds that 
of rough broken land. The relative proportions of the two vary 
greatly from place to place. 

This unit is best used for forestry and as a water reserve. It is 
extremely valuable as a source of water for human consumption and 
for irrigation of the dry lands at lower elevations. The forests on 
the rough broken land part of the complex commonly appear to be 
more vigorous than those on the Amalu clay. This better growth 
seems to be associated with degree of drainage. On the areas of 
Amalu clay forests are subdued in height; dead ohia trees are con- 
spicuous in some places, and the undergrowth is extremely dense but 
not so high as in the better drained and more sloping parts of the com- 
plex. It was reported but not verified that disease, rather than plant- 
nutrient deficiencies of the soil, accounted for the poorer growth of 
forest. Whatever the immediate cause, the correlation of poorer 
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growth with poor aeration of the less strongly sloping areas suggests 
that the soil condition is an important contributing factor. 


Amalu clay—Alakai peat ——rough broken land complex (A»).— The 
areas of this complex occur on the island of Molokai, on West Maui, 
and on Oahu. They are found near the tops of mountains where 
sloping or gently sloping areas covered by deep deposits of raw, ex- 
tremely acid peat are associated with sloping or moderately steep 
areas of Amalu clay, and with steep slopes of rough broken land. 
The profile of the Amalu clay is essentially as described for the Amalu 
series (p. 387). Rough broken land consists of those steeply sloping 
areas possessing little or no true soil but a deep mantle of very highly 
weathered rock that serves as a medium for plant growth. The 
Alakai peat, described on page 571, consists of brown, raw, extremely 
acid organic material that for the most part retains the structure of 
the sedges, reeds, mosses, and small herbaceous plants that grew on 
it. It is striking that these peat deposits may be 3 or 4 feet thick 
on slopes as great as 15 percent in gradient. They store an extremely 
large amount of water and are therefore especially important in the 
economy of the Hawaiian Islands. 

The best use of these areas is for forestry and water supply. The 
forests consist of species of little commercial value, but they are im- 
portant because they conserve the water supply. 

The landseape of this complex is striking. On the more gently 
sloping parts is the Alakai peat with itc cover of sedges, small reeds, 
and a few herbaceous plants growing in a mat of mosses. There are 
many small ohia plants established from seed from the adjacent 
forested areas, but they reach a height of only a few inches and have 
been seen in full bloom at that size. Apparently ohia cannot develop 
into a tree typical of its species on this acid soil. Looking across these 
open areas of Alakai peat to the sloping or moderately steep areas of 
Amalu clay, one sees forests of more or less subdued height and their 
dense undergrowth of ferns, herbaceous plants, and vines, and on the 
steeper slopes of rough broken land, the same kind of forest but more 
vigorous in growth. It is seldom that one can see the whole area. 
Usually it is blanketed in clouds or drenched in driving rain. Rain- 
fall on these areas is commonly between 300 and 400 inches per year. 
This unit occurs typically on the islands of Molokai and Maui. It 
also is mapped in a small area on Mount Koala on Oahu, where rainfall 
is lower than normal for the unit. 


HONOMANU SERIES 


The Honomanu series consists of shallow soils that occur on the 
wettest parts of the northeastern slope of Haleakala. They rest on 
relatively young lavas of the Hana volcanic series. Elevations range 
from 500 to 3,000 feet; and the annual rainfall, from 150 to 300 inches. 
The series is entirely within vegetation zone D;. 

The soil profile generally has a well defined A, horizon consisting of 
a soft, mushy, extremely acid mat of decaying vegetable matter. This 
mat may be almost absent at the lowest elevations and under the 
lowest rainfall The underlying material, the very dark-brown A; 
horizon, feels like a silt loam because of its high content of organic 
matter. The B horizon is thin; it consists of yellow, gray, and brown 
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clay or silty clay embedded in a mass of rock fragments. The frag- 
ments have solid cores and somewhat weathered shells. 


Modal profile of the Honomanu series: 


As 2 to 6 inches of brown, soft, mushy decaying vegetable matter that 
partly retains the original plant forms; extremely acid; roots form a 
dense mat. 

A: 0 to 9 inches, very dark-brown silt loam; weak coarse crumb structure; 
hard when dry, strongly smeary when wet; pH 4.5 to 5.5; roots very 
numerous. 

B 9 to 18 inches, yellow, gray, and brown clay or silty clay embedded in 
a mass of rock fragments; hard when dry, strongly smeary when wet; 
pH 4.5 to 5.5; roots numerous. 

D 18inches +, unweathered lava bedrock. 


The soil is extremely stony throughout its extent. For the most 
part it overlies Aa lava and has developed from the material on the 
rough broken surface of that lava. The depth to bedrock therefore 
varies greatly within the area. Rock outcrops are numerous but 
usually are not conspicuous in the forests because they are covered 
with a deposit of vegetable material. In cleared areas the outcrops 
are prominent. At the lowest elevations and under the lowest rain- 
fall, the A, horizon is brownest, and the material among the rock 
fragments that could be called a B horizon is reddest. At the highest 
elevations, the A; horizon is grayest and the B horizon is yellowest. 
Unweathered lava bedrock occurs at shallow depths throughout the 
extent of the series. The series occurs only in the areas surveyed in 
reconnaissance, so no attempt was made to separate the various types 
and phases. The entire area was mapped as Honomanu silty clay, 
phases undifferentiated. 


Honomanu silty clay, phases undifferentiated (1138).—The soil 
profile and its variations are those described for the Honomanu series. 
Practically all of the soil is included in forested areas that are impor- 
tant principally as a source of water supply for human consumption 
and irrigation. The area is tapped for irrigation systems that serve 
the section of Maui in the vicinity of Paia. The forests on this soil 
are extremely important for conservation and storage of water. 

It was noted in the course of survey that the forests on this soil 
are generally taller and apparently more vigorous than those on soils 
of the Amalu or Koolau series under similar rainfall. The presence 
of unweathered material within the reach of tree roots would be ex- 
pected to contribute to a considerably higher nutrient status in this 
soil than on the Amalu soils. Whether or not this is an important 
contributing factor is not known. Inasmuch as the area is very 
difficult of access and could be penetrated only along the few estab- 
lished trails, it could not be determined to what extent this observa- 
tion holds at the higher elevations. 

The forest is dominated in the middle and upper parts by ohia 
lehua, with its characteristic association of tree ferns and & variety 
of plants in the understory. At the lower elevations, considerable 
plantings of koa, paper-bark tree, and other species have been made, 
and the stands have made excellent growth during the relatively 
short period since their establishment. Koa occurs as a constituent 
of the association throughout the areas traversed. The soil as a 
whole is being well used for forestry and water supply. 
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SOILS OF THE HILO FAMILY 


These very shallow soils are derived from volcanic ash in the region 
occupied by Hydrol Humic Latosols. They occur at the lowest eleva- 
tions of that group of soils, or from sea level to 2,500 feet. The annual 
rainfall ranges mainly from 120 to 200 inches, but & small part of the 
soil family on the island of Maui receives 75 to 120 inches. Soils of 
the Hilo family lie entirely in vegetation zone D; as described in the 
section on Soils and Vegetation. They are characteristically heavily 
forested, but are now largely cleared and used for crops or pasture. 
The relationship of soils of the Hilo family to other Hydrol Humic 
Latosols is shown in table 17. 

Soils of the Hilo family are differentiated from those of the Koolau 
family on the basis of low bulk density, which is characteristic of soils 
derived from volcanic ash in the humid regions. The family is dif- 
ferentiated from other Hydrol Humic Latosols derived from volcanic 
ash on the basis of its brown A, horizons, a property associated with 
its occurrence at low elevations. Other Hydrol Humic Latosols that 
occur at higher elevations have À, horizons that show a distinctly 
grayish tinge. 

By mechanieal analysis, soils of the Hilo family would be heavy 
clays. The clays are very inert, however, and their physical proper- 
ties, other than particle-size distribution, are more characteristic of 
soils that are high in silts. The soils have a strongly developed dark- 
brown or dark reddish-brown A; horizon that is moderately or strongly 
acid. The A, overlies a red or yellowish-red smeary or mealy B 
horizon, which grades to the parent material of volcanic ash. Very 
pi bulk density in all horizons is an outstanding property of these 
soils. 

Soils of the Hilo family are extremely porous and retain exception- 
ally large quantities of water, both at low tensions in forms available 
to plants, and at high tensions strongly held to the clay complex. 
When these soils are dried, they dehydrate irreversibly, so mechanical 
analysis of the dried soil does not give & true picture of the particle-size 
distribution. The very low activity of these clays is indicated by 
their lack of stickiness or plasticity, their low cation-exchange capacity, 
and their extremely low silica-sesquioxide ratios. The clays ap- 
parently are dominated by oxides of aluminum and iron, or at least 
they consist of materials more inert than kaolinite is ordinarily 
considered to be. 

Ayres (1) has presented data on the cation-exchange properties of 
both the mineral and organic fractions of these soils. The exchange 
capacity of the surface soil ranges from 35 to 50 milliequivalents per 
100grams. Ofthis, about 70 or 80 percent is in the soil organie matter. 
In the cultivated soils, organic matter constitutes 15 to 18 percent of 
the A, horizon to a depth of 8 inches, and commonly about 8 or 9 
percent of the top 12 inches of the B horizon. Thus, the cation- 
exchange capacity of the mineral fraction is about 12 to 15 milli- 
equivalents per 100 grams. The soils are mainly less than 20-percent 
base saturated. The pH values are generally below 4.7, but slightly 
higher in the B horizon than in the A,. Supplies of all exchangeable 
bases are very low. Calcium, generally the most abundant of the 
exchangeable bases, averages about three times that of magnesium 
and three to six times that of potassium. 
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The extreme leaching of these soils is indicated by the fact that 
exchangeable calcium constitutes between 10 and 30 percent of the 
total calcium in the soil in most areas. Exchangeable magnesium, 
on the other hand, generally accounts for between 1 and 5 percent of 
the total magnesium. From this it can be seen that these soils are 
very low in fertility. They have extremely good physical conditions, 
however, and are very responsive to fertilization. 

Tn the virgin condition, soils of the Hilo family support a luxuriant 
growth of vegetation. This growth results in large amounts of 
mineral nutrients in the growing plants and in the organic debris 
returned to the soil annually. No data are available on the amount 
of this turnover, but it must be extremely large. This cycle would 
also help to explain the high organic-matter level of these soils in a 
region where leaching is intense and nitrogen would be expected to be 
removed from the soil. The vegetation is an exceptionally efficient 
cover crop. 


TABLE 63.—XKey modal profile, and environment 


Modal profile 
| Horizon Color (moist) 
Key i Series Range in depth 
Let- to— | Texture 
| E - -= Name Munsell | 
I bol | Upper | Lower | 
limit | limit | | 
i 1 
b | 
A. A, horizons deep i | f i 
snd reddish; i 
subsoils moder- 
ately smeary: Inches | Inches | 
IA. E 8-12 | Dark reddish 5YR3/2-3/4 | Silty clay 
brown. loam. 
i| B 6-12 136- 60 | Red to yellow- | 2.5 YR 4/6- |..... do sus 
1, Derived from | Hilo..... ish-red. 5 YR 5/8. : 
old, deep ash. i| Cı | 36- 60 36-100-- | Varlously colored layers of bighly weathered 
| i. with nature of the deposit. 
D = |*36-100+)---_____ Bedrock generally more than 6 feet below the 
2, Derived from HA. css 7-12 | Dark reddish 5YR 3/2-3/4.| Silty clay 
shallow | brown. loam. 
younger ash B 7-12 | 8-21 | Red to yelow- | 25YR 4/6- |... do. 
influenced by | Oiaa....| ish-red. SYR 5/06. 
weathering 7D | 8-2) |....... Unwesthered basalt or andesite._...__. ——Ó 
crust of un- | 
derlying lava. | i 
B. A4 borizons thin- | 
ner and brown i 
or grayish; sub- | 
solls "strongly i | 
smeary: 
Ai. eren ne 6-12 | Dark brown.... | 7.85 Y R 3/2- Silty clay 
2/2. loam. 
1. Derived from Kaiwiki B 6-12 |30- 48 | Yellowish-red...| 7.5YR 5/6- i... do... ... 
old, deep ash. 5 BYR 4/6. 
Ci | 36-48 |36- 90+; Variously colored layers of highly weathered 
D {*36- 902-|........ Unweathered bedrock, generally more than 5 
2. Derived from AG dues 6- 10 | Dark brown..... 7.5Y R 3/2- Bilty clay i 
younger ash | 2/2. loam. | 
influenced by Ohia 1B 6-10 18-42 | Yellowish-red.. | 7.5YR 5/6- |..... lT ORASE, 
weathering UUj 5Y R 4/6. 
erust of un- Ci |18- 42 |22- 60--| Material similar to the above but gritty because 
derlying lava. D j*22- 66+|...-...- Unweathered basalt or endesite. ............... 
| i 


*Bedrock at shallow depths may replace part of the lowest sot] horizon. 
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Four soil series have been included in the Hilo family. Differences 
among these series are associated with elevation, rainfall, and age of 
materials. Their relationships are shown in table 63. 


USE AND MANAGEMENT 


Soils of the Hilo family suited to mechanized agriculture are used 
primarily for sugarcane grown without irrigation. The soils have 
very high porosity and great water-holding capacity and occur in a 
region of heavy rainfall; consequently, crops are seldom damaged by 
lack of moisture. 

The soils have very high capacity to fix phosphorus in unavailable 
forms and are very low in total and in available potassium. When 
these soils are cropped, their high supply of organie matter in the 
surface soil and the entire solum contributes greatly to their capacity 
to hold nutrients against leaching. Although the total supply of 
nitrogen is high in proportion to the organic-matter content, intensive 


of soil series of the Hilo family 


Modal profile—Continued i Environment 
| Consistence | | 
| | Annual Vege- 
Structure | pH | Island | rain- | Elevation | tation 
Wet | Dry i fail zone 
i 
| 
| | 
| Inches Feet 
Moderate medi- | Smeary......... MEET: SPANSE 4.7-5.5 
um granular. 
Weak medium | Moderately Very hard.......[5.0-5.8 
crumb. smeary. Hawali..[125-160 0-1, 000 | Di. 
volcanic ash, their color and consistence apparently varying (5. 0-5. 8 
SUPA0G E os ee eye seed odes eens E 
Moderate medi- | Weakly smeary.| Hard... ........ |5. 2-5.7 
| um granular. N | 
pr. m medium | Strongly smeary | Very hard....... 5, 3-5.8 Hawaii 90-100 0-1, 000 | Di. 
CS i | Maui. ..] 75-150 0- 900 | Di. 
i 
| 
Moderate medi- | Weakly smeary.| Hard............ 4. 5-5.5 
weak "medium | Bang Very hard. 8-5.8 
ea medium roagly Very hard....... 14. 8-5. i humo T 
arab: Smeary. | Hawaii _|150-200 | 250-1, 500 | Di. 
volcanic ash. _._.__. 
feet below the surface... = 
Moderate medi- | Weakly smeary_ 
ask’ median | Strona Very hard 
ea medium rongly ery ha . 3-5. a -: 
crumb. smeary. Hawaii _/150-200 | 500-2, 500 | Di. 
it contains unweathered rock fragments -..- 
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fertilization with nitrogen is necessary for sustained yields if the soils 
are cropped continuously. 

The combination of high colloidal content, water-holding capacity, 
&nd percentage of shrinkage makes these soils subject to compaction 
when heavy machinery is used. 

The area in which soils of the Hilo family occur has such high rain- 
fall that most field work on the sugar plantations must be done in at 
least a light rain. The high percentage of cloudiness reduces pro- 
duction of sugar. 

When the soils of the Hilo family are used for pasture, Hilograss is 
the dominant species that volunteers. Other paspalums and kikuyu 
are well adapted, as are the tall forage species such as Napiergrass 
and panicums. The pastures are of low quality for fattening 
cattle; the forage lacks palatability and is low in total dry matter. 
It is probable that the forage is also low in mineral constituents. 
'Throughout this vegetation zone, guava and false vervain are noxious 
shrubs that tend to invade pastures. Periodic clipping is probably 
the most effective way of controlling these pests, and for that reason 
the smaller sod-forming or creeping grasses such as paspalums and 
kikuyu are generally preferred to the taller forage grasses. Guava 
soon invades all idle areas and may form a dense growth that almost 
excludes other plants. The guava is commonly associated with 
various kinds of small ferns in the idle areas. 

'The suitability of soils of the Hilo family for continued cane pro- 
duction is largely dependent upon physical characteristics that limit 
the use of machinery. Stoniness, depth to bedrock, rock outcrops, 
and slope are the most important of these. The soils are grouped 
according to their suitability for mechanized agriculture in table 64. 


Soils well suited to mechanized agriculture.—In this group are the 
deep, nonstony soils on gentle slopes that represent the best caneland 
in the Hilo family. Slopes range from 2 to 8 percent in gradient. 
There is little or no erosion, and few or no loose stones occur in the 
surface. Bedrock lies deeper than 3 or 4 feet in practically all places. 
In fact, these soils have few or no physical conditions that limit use 
of machinery. The increased use of heavy equipment may compact 
the soils. It is on these soils that the greater part of the most efficient 
cane production on soils of the Hilo family is located. Production 
does not compare favorably with that of the drier areas, however. 


The lack of strongly limiting physical conditions makes these soils 
the best of the Hilo family for pasture. They are well suited to the 
use of machinery for eradicating stands of guava, for clipping pastures 
so as to prevent the guava from getting established, or for plowing and 
reseeding to establish new pastures. In spite of the very high rain- 
a control of erosion is not a serious problem on these gently sloping 
soils. 


Soils moderately well suited to mechanized agriculture.—In this 
group are phases of the Hilo family that have slopes of 5 to 15 percent. 
These slopes moderately handicap but in no sense prohibit the use of 
machinery for normal field work. They are uniform, and therefore 
not so limiting to use of machinery as complex slopes of the 
same gradient would be. Slippage is probably one of the principal 
problems. 


TABLE 64.—Suitability and physical limitations of soils of the Hilo family for mechanized agriculture 


Sors WELL SUITED TO MECHANIZED AGRICULTURE 


Soil family and mapping unit 


Loose stones 


| Depth 
to bed- 


rock 


Principal physical 
limitations 


Hilo family, gently sloping phases: 
Hilo silty clay loam, gently sloping phase... 


Ohia silty clay loam, gently sloping phase___.__.____ | 


Inches 


40+ 
30+ 


None. 


Soins MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 


Hilo family, sloping phases: 
Hilo silty clay loam, sloping phase 
Kaiwiki silty clay loam, sloping phase 


Moderate slope. 
Do. 


Sors Very PoorLY SUITED or U 


CHANIZED AGRICULTURE 


Hilo family, stony shallow soils: 
Olaa stony silty clay loam, gently sloping phase... 
Hilo family, steep soils: 
Olaa stony silty clay loam, moderately steep phase... 
Hilo family, steep phases__...----.----- 222 ee 
Hilo family, stony very shallow soils: 
Hilo family, very shallow phases—Aa lava complex. 
Hilo family, very shallow phases—Pahoehoe lava 
complex. 


Very stony--- 


12-20 
8-20 
20+ 
4-12 
4-12 


Stoniness and some outcrop. 


Stoniness, slope, outcrops. 
Steep slope. 


Depth, outcrop, loose stones. 
Do. 
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These soils are used mainly for cane, and in the same way as the 
more gently sloping soils with which they are associated. This can be 
done because their greater slope is not the problem it would be if 
distribution of water for irrigated cane were involved. 

Slope is only a moderate handicap to establishment of pastures. In 
fact, these phases have about the same adaptability for pasture as the 
gently sloping phases. 


Soils poorly suited or unsuited to mechanized agriculture.—In this 
group are soils of the Hilo family having one or more factors that 
severely limit use of machinery. "The soils are generally marginal, or 
in some places submarginal, for sugarcane. The shallow stony soils 
of this group were used for cane at the time of survey. Weeds were 
controlled largely by chemicals, and the cane was cut by hand. 

The introduction of mechanical harvesting, well under way by 1948, 
made the shallowness and stoniness of these soils an important handi- 
cap. Loose rock collected by the harvesting machines is carried to 
the mill, where it causes considerable damage. Removal of much of 
the surface rock was underway in 1948. 

The steep soils of this group were once used for cane grown by hand 
labor. Practically all of these steep areas have been abandoned and 
are either idle or in pasture. On the island of Maui, a considerable 
part of the steep area was never in cane. 

The stony, very shallow soils of this group, which are mapped in 
complex with large proportions of bedrock outcrop, are extremely 
difficult to work with machinery. Yields are equal to those on the 
associated shallow stony soils of the Hilo family, or slightly better in 
some. places, but the additional cost of harvesting is a severe handicap. 
Mechanical harvesting is accomplished on these shallow soils, how- 
ever. The gentle slopes of these soils greatly contribute to the 
feasibility of harvesting. Weed control is accomplished mainly with 
chemicals. 

HILO SERIES 


Soils of the Hilo series are the canelands between Hilo and Hakalau 
on the island of Hawaii at elevations below 1,000 feet. They occur 
in a zone that receives an average precipitation of 125 to 160 inches. 
They are entirely within vegetation zone Dı. These soils are very 
friable; they have the low bulk density characteristic of soils derived 
from volcanic ash, as well as all the properties typical of the Hydrol 
Humic Latosols. 

Modal profile of the Hilo series: 


A; 0 to 9 inches, dark reddish-brown silty clay loam; moderate medium 
granular structure; hard when dry, very friable when moist, and smeary 
when wet; pH 4.7 to 5.5; roots very numerous. 

B 9 to 50 inches, red or yellowish-red silty clay loam; weak medium erumb 
structure; very hard when dry, friable when moist, and moderately 
smeary when wet; pH 5.0 to 5.8; roots are numerous in the upper part 
of the layer and decrease with depth; organic matter grades from about 
15 percent in the upper few inches to about 5 percent in the lowest part 
of the layer. 

C 50 to 72 inches, variously colored layers of silty clay loam; strongly 
weathered volcanic ash, the different colors apparently representing 
successive ash falls; pH 5.0 to 5.8; few roots; rests unconformably on 
slightly or moderately weathered lava, mainly at depths more than 6 
feet but locally as shallow as 3 feet. 
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Some of the principal variations not delineated as phases are those 
that occur with increase in elevation and in rainfall. The soils are 
reddest at the lowest elevations, where rainfall is least. With in- 
creasing elevation, they become more strongly smeary when wet and 
browner in the upper part. At the higher elevations they grade into 
soils of the Kaiwiki series, and the boundary between the two kinds 
of soil is indistinct. 

Although soils of the Hilo series occur mainly on the Hilo coast, a 
few areas are associated with the shallower soils of the Olaa series. 
These areas associated with Olaa soils are apparently influenced to 
some extent by younger volcanic ash than that which gives rise to 
the Hilo soils north of the city of Hilo. 


Hilo silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(H2m).—This is the most gently sloping of the Hilo soils. Except for 
having an A, horizon 12 mches or more thick, its profile is essentially 
that described for the Hilo series. A few small. areas occurring on 
slightly concave slopes may have an A, horizon as much as 30 inches 
thiek because soil material has washed down from the adjacent more 
oe Generally, however, the A; ranges from 12 to 16 inches 

eep. 

This soil is cropped in the same way as the sloping phase with which 
it is associated. It occupies small areas and, of necessity, is cropped 
with associated soils, most of which have slopes of less than 5 percent. 
At the time of survey, the plantation reported that cane yields seemed 
to be higher on this soil, particularly where soil material had been 
washed down upon it from the adjacent slopes. 

Little or none of the soil is used for pasture. In this vegetation zone 
Hilograss is the dominant volunteer species in pastures, and the other 
paspalums and kikuyu are among the grasses best suited to introduc- 
tion. The tall forage grasses are also suitable. Production of vege- 
tables and fruits is very small on this soil, but it should be at least 
moderately well suited to many kinds of vegetables if properly ferti- 
lized. Itis better than Hilo silty clay loam, sloping phase, for cane. 
Success with any cropping system will require intensive fertilization, 
as the soil is extremely deficient in plant nutrients but responds very 
well when fertilizer is applied. 


Hilo silty clay loam, sloping phase (5 to 15 percent slopes) (II2N).— 
This is the typical caneland soil at elevations below 1,000 feet along 
the Hilo coast. In the greater part of the arca slopes. range from 5 
to 8 percent, but in places they extend to 15 percent. 

The soil profile is essentially that described for the Hilo series. In 
a few small areas erosion has reduced the thickness of the A, horizon. 
Near the upper altitude limit where this soil is transitional to the 
Kaiwiki series of the higher rainfall belt, the subsoil is more smeary 
than normal when wet. 

The slopes of this phase limit but do not seriously restrict use of 
machinery. Slippage is probably one of the most serious difficulties 
involved. 

Cane can be produced efficiently only if it is very intensively ferti- 
lized. The soil is very deficient in plant nutrients but responds very 
well to fertilizer. The cane has allowed appreciable erosion in only a 
few isolated areas. Cane is well suited to this soil and will likely con- 
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tinue as the dominant crop unless the limited yield imposed by climate 
forces it out of competition with areas favored by more sunlight. 

Little or none of the soil is in pasture. It is in the vegetation zone 
where Hilograss is the dominant volunteer species, but other paspalums 
and kikuyu are suitable for introduction. Forage produced on this 
soil is low in palatability, very low in dry-matter content, and generally 
inferior for fattening cattle. 

This soil is less suitable for vegetable crops than the gently sloping 
phase, largely because it is more erodible. If it were properly culti- 
vated, however, it seems that vegetable crops could be produced. 


OLAA SERIES 


The Olaa series consists of shallow soils developed over relatively 
recent lava. They occur in the Puna and Keaau sections on Hawaii, 
and at the lower elevations on the island of Maui. The surface is 
extremely stony except in a very few areas. The soil material exists 
in most places only as a filling between almost solid masses of rock. 
Large rock fragments and finer rock materials, both relatively un- 
weathered, occur throughout the solum. Weathering of this rock ma- 
terial contributes to a higher base status than is normal for soils of the 
Hilo family. The pH values are generally between 5.2 and 5 8. 

Aside from stoniness, the solum of this series is similar to t hat for 
other soils of the Hilo family. "The red or yellowish-red silty clay loam 
B horizon, however, is only a relatively small part of the total volume 
between depths of 9 and 20 inches. Most of the volume at depths of 
9 to 20 inches is accounted for by Aa lava. The B horizon exists 
primarily as a filling between stones, but there are a few pockets where 
the bedrock is at a depth of 3 feet. 

Modal profile of the Olaa series: 

A, Oto 10 inches, dark reddish-brown silty clay loam; moderately developed 
medium granular structure; hard when dry, friable when moist, and 
weakly smeary when wet; pH 5.2 to 5.7; roots very numerous; horizon 
filled with loose stones. 

B 10 to 15 inches, red to yellowish-red silty clay loam filling the spaces be- 
tween lava fragments; very hard when dry, friable when moist, and 
strongly smeary when wet; pH 5.3 to 5.8; roots numerous; gritty due to 
i rock fragments; Aa lava (D) occurs at 10 to 20 inches in most 
places. 

The principal variations within the series are in depth and degree 
of stoniness. The most stony areas and those having frequent rock 
outcrop have been included with an undifferentiated unit of very 
shallow soils of the Hilo family. Areas mapped as soils of the Olaa 
series generally have at least 10 inches of soil among loose rocks, but 
locally bedrock crops out. Outerops are most numerous where the 
soils are on the uneven surface of the Aa lava flows. Variation in the 
kind of underlying bedrock is also important. Those areas overlying 
Aa flows are generally more valuable for cane than those that overlie 
Pahoehoe lava. Soil material fills cracks and crevices between the 
rocks of the Aa flows to depths much greater than are permitted by 
the relatively smooth unbroken surface of most Pahoehoe flows. 
Throughout the extent of these soils, the underlying bedrock is but 
little weathered. 


Olaa stony silty clay loam, gently sloping phase (2 to 8 percent, 
slopes) (O5).— This is the dominant soil of the canelands in the vicinity 
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of Keaau, Pahoa, and Olaa on the island of Hawaii, as well as in areas 
that produce cane for the Waikea Mill. Stoniness and shallowness 
are its most outstanding characteristics. The soil profile and its 
variations are essentially those described for the Olaa series. 

This is a young soil, compared to those of the Hilo series, and it 
must bo presumed that plants can derive a considerable amount of 
plant nutrient from rock decomposing within the solum. Cultiva- 
tion is extremely difficult because of the stones, and weeds are generally 
killed with chemicals. Covering the cane seed (short lengths of cane- 
stalks) is fortunately not a critical matter in this humid climate. 
Otherwise the establishment of new stands would be extremely diffi- 
cult. All the cane was once cut by hand, but mechanical harvesting 
is being attempted. Rock is unavoidably collected by the harvesting 
machinery and transported to the mill, where it causes a considerable 
amount of damage. The plantation is removing the rock to permit 
better use of machinery in harvesting. The soil is intensively ferti- 
lized with a complete fertilizer. 

Where this soil overlies the comparatively unbroken Pahoehoe lava 
it tends to dry out more during dry spells, and has slow drainage in 
the most nearly level areas during wet spells. The resultant slightly 
lower yields of sugar are partly offset by the fact that areas of the 
soil over this kind of rock are not quite so stony as those overlying Aa 
lava. Where this soil overlies Aa lava, soil material extends down 
cracks and openings in the underlying bedrock and plant roots reach 
far into the rock material. 

Relatively little of this soil is used for pasture, but it will produce 
very high yields of forage low in both palatability and total dry-matter 
content. Pastures in this vegetation zone are generally inferior to 
those in drier areas for fattening cattle. 


If this soil should be abandoned for cane production, it probably 
would revert to grazing. Hilograss is the dominant volunteer grass 
in pastures but other paspalums and kikuyu are well adapted. 
Throughout the area, control of guava is a serious problem because it 
is difficult to use machinery for clipping pastures or eradicating exist- 
ing stands. As on other soils of this vegetation zone, guava quickly 
infests idle land and eventually encroaches upon pastures. 

Aside from its stoniness, this soil should be suitable for many kinds 
of vegetables. Growing of vegetable erops would require hand labor 
and adequate fertilization. This soil is typical of large areas that 
were formerly intensively cropped but now may be abandoned for 
crops because mechanization is necessary to reduce costs of production. 


Olaa stony silty clay loam, moderately steep phase (12 to 30 percent 
slopes) (Oc).—This shallow stony soil occurs on the island of Maui 
between Nahiku and Kaeleku. It is at lower elevations on the slopes 
of Haleakala. As mapped, it includes some rolling and knobby land 
with very complex slopes and a considerable amount of rock outerop. 

In most places the soil profile is essentially the same as that de- 
scribed for the Olaa series, but the soil was mapped in reconnaissance 
and therefore includes rather large areas of other soils that could not 
be delineated separately. Among these included areas are those 
having slopes of about 5 to 12 percent that occur near the northwestern 
limit of what was formerly the Hana sugar plantation. Also included 
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are areas where raw voleanic cinders are intimately associated with 
the loose stones that make up the greater part of the subsoil. In 
these cindery areas the gradient is usually about 8 to 12 percent toward 
the sea. 

The slope of Olaa stony silty clay loam, moderately steep phase, 
generally is not uniform. In going downward one passes over small 
gently sloping areas of deep soil that terminate in short steep drops 
with gradients ranging up to 30 percent. The soil is shallowest on 
these steep drops. At the foot of them, soil material has accumulated, 
so the soil is deep again on a small shelflike area, but below it one again 
encounters the moderately steep slopes toward the sea. This uneven 
topography is repeated over and over again down the slope. Later- 
ally, at right angles to the direction of drainage, the soil is thinnest 
near the small streams that are cutting into the area and thickest 
(up to 25 inches) on the crests of the intervening divides. 

Uneven topography, shallow soil profile, and large amount of stones, 
make this soil very poor for cultivation and almost impossible to crop 
with machinery. It is used for pasture or forest, but at the time of 
survey a small part was in hand-cultivated cane. Maintenance of 
pastures is difficult. Guava and false vervain encroach rapidly and 
are extremely difficult to control because the land is poorly suited to 
the use of machinery. Hilograss volunteers in this area, but other 
paspalums and kikuyu can be introduced. The pastures are low both 
in palatability and in total dry-matter content, but useful for the 
breeding herd, for cattle that will be moved to better areas for finish- 
ing, or as & reserve to supplement better forage produced in dry 
regions. For the most part, however, this soil is poor for pasture and 
probably better suited to forestry. 


KAIWIKI SERIES 


Soil of the Kaiwiki series occurs only on the island of Hawaii. It 

occupies the so-called “middle belt" above the Hilo soils in the cane- 
lands along the Hilo coast. Itisin vegetation zone D; at elevations of 
250 to 1,500 feet, and receives from 150 to 200 inches of rainfall per 
year. 
i The A: horizon is thinner and is more grayish than that of the Hilo 
soils, and the subsoil is more strongly smeary and dehydrates into 
harder particles. Near the wettest limit of the series, the consistence 
of the lower part of the B horizon is gel-like; when pressed between the 
fingers, the material forms a slick, smooth smear. 

The soil is saturated practically all of the time. It has extremely 
high water-holding capacity; the moisture equivalent ranges up to 
250. In the lower part of the C horizon, at the contact with the under- 
lying lava, there is often a gray, reduced layer or a layer mottled with 
yellow and gray; these layers indicate poor acration. In some places 
the lower part of the C horizon is more clayey than the material that 
lies above it. 

Modal profile of the Kaiwiki series: 14 

A: 0 to 9 inches, dark-brown silty clay loam; moderate medium granular 
structure; hard when dry, friable when moist, and weakly smeary when 


wet; pH 4.5 to 5.5; roots very numerous; commonly gritty because it 
contains dehydrated granules. 


“ Kaiwiki silty clay loam. 
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B 9 to 42 inches, yellowish-red silty clay loam; weak medium crumb struc- 
ture; very hard when dry, friable when moist, and strongly smeary when 
wet; pH 4.8 to 5.8; roots present; at the wettest limit of the series, the 
lower part of this horizon is completely saturated silty clay of gel-like 
consistence, 

C 42 inches+, variously colored layers of highly weathered volcanic ash 
similar in consistence to the material above; at junction with the uncon- 
formable underlying lava (D) this material is commonly gray silty clay 
or is strongly mottled with yellow and gray; in some places bedrock 
occurs at a depth as shallow as 36 inches and the C horizon is absent. 

Kaiwiki silty clay loam, sloping phase (5 to 15 percent slopes) 
(Kr).—The soil normally occupies slopes of 5 to 15 percent but in- 
cludes a number of small areas that may have slopes as low as 2 
percent. These small included areas, isolated by the more sloping 
land, have a deeper surface soil than normal; that is, as much as 20 
inches thick. This local accumulation of material was washed from 
adjacent lands. 

In general, this soil is even more leached than the Hilo soils, and 
its cation-exchange capacity and percentage base saturation are lower. 
Supplies of both available phosphorus and potassium are very low, 
and the soil has extremely high capacity to fix phosphorus in unavail- 
able form. The soil is subject to a very high degree of cloudiness, and 
throughout the year rain falls at some time almost every day. 

The soil is adapted to the use of machinery; slippage is one of the 
principal difficulties because the soil is almost permanently wet. The 
compaction of the soil anticipated when heavy machinery was intro- 
duced has not been so serious as expected. 

Hilograss is the dominant volunteer species when the soil is used 
for pastures, but other paspalums and kikuyu are adapted. The 
taller forage species such as Napiergrass and Guineagrass are also 
suitable. Control of guava is one of the most serious problems, but 
machinery can be used to mow the pastures or to eradicate existing 
stands. The forage is low in palatability and in total dry matter. It 
is poor for fattening cattle but can be used for the breeding herd or 
as supplemental grazing when pastures in drier areas produce little 
feed because of drought. 

OHIA SERIES 


Soils of the Ohia series are confined to the island of Hawaii in the 
vicinity of Kurtistown and Mountain View. They are derived from 
the younger Pahala ash, which is mostly of Kilauea origin. Although 
they look very much like the Kaiwiki soil, they are apparently younger 
and have a higher base status. They occur at elevations between 500 
and 2,500 feet, receive 150 to 200 inches of rainfall per year, and are 
entirely within vegetation zone Di. 

Modal profile of the Ohia series: 


Ai 0 to 8 inches, dark-brown silty clay loam; moderate medium granular 
Structure; hard when dry, friable when moist, and weakly smeary when 
wet; pH 5.2 to 5.7; roots very numerous. 

B 8 to 80 inches, yellowish-red silty clay loam; weak medium crumb struc- 
ture; very hard when dry, friable when moist, and strongly smeary when 
wet; pH 5.3 to 5.8; roots numerous; near the wettest limit of the series 
this horizon is gel-like. 

C 30 to 50 inches, gritty material similar to that of the B horizon but con- 
tains fine particles of unweathered rock; pH 5.5 to 6.5; grades to solid 
bedrock; thickness ranges from a few inches to several feet, depending 
on the thickness of the ash deposit over bedrock. 
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One of the principal variations in the series 1s correlated with in- 
creasing rainfall and increasing elevation. At the lowest limit of the 
Series, near Kurtistown, the soils approach the consistence of the Hilo 
series, but under the higher rainfall and lower temperature prevailing 
near Mountain View, the B horizon smears much more easily when wet 
and has the appearance of a very firm gel. In the Mountain View 
area the A, horizon is also shallower, commonly 4 to 6 inches thick, 
and has a definitely grayish cast. Chemical analyses indicate that 
the soil near Mountain View contains slightly less total bases than that 
near Kurtistown. Locally, in the vicinity of Mountain View, poor 
aeration is evidenced by mottling in the deep subsoil. 


Ohia silty clay loam, gently sloping phase (2 to 8 percent slopes) 
(Oa).—This soil is mainly used for unirrigated sugarcane. Occasional 
outcrops of bedrock and a few loose stones on the surface do not seri- 
ously interfere with machine cultivation. 

The soil is generally higher in bases than the Kaiwiki soil that occurs 
under similar rainfall, but requires large applications of a complete 
fertilizer for good yields. Vegetables are grown in a few places with at 
least moderate success. The soil is easy to work and it responds to 
fertilization. Control of diseases, insects, and weeds is a serious prob- 
lem, but control of erosion is not. 

The soil produces a large amount of low-quality forage when used 
for grazing. The normal grass for the area is generally Hilograss, but 
other paspalums are adapted, and so are large forage species such as 
Napiergrass and Guineagrass. Little of the area is used for pasture, 
but, if it were, it probably would be best for the breeding herd or as a 
source of supplemental forage during droughts when drier areas pro- 
duce little feed. Control of guava, which quickly infests all idle areas 
and encroaches upon pastures, is one of the most serious problems of 
pasture management. Periodic mowing will control the shrub in 
pastures consisting of the shorter, creeping grasses, and the soil is well 
suited to the use of machinery for this purpose. 


UNDIFFERENTIATED UNITS 


Mapped as undifferentiated units are all areas of steep soils or very 
shallow soils in the Hilo family for which use is largely determined by 
slope, depth to bedrock, and amount of outerop. 


Hilo family, very shallow phases—Aa lava complex (2 to 8 percent 
slopes) (H2n).—"This unit consists of very shallow soils (4 to 12 inches 
deep) that occur in association with a very high proportion of bedrock 
outcrops that are scattered throughout the unit. The soil among these 
outcrops has a very dark-brown silt loam or silty clay loam surface 
layer. In many places that is the only horizon present. The B hori- 
zon, a red or yellowish-red gritty silty clay loam, exists only in cracks 
in the underlying bedrock or in crevices in the almost continuous layer 
of loose rocks that lies upon the hard bedrock. Loose stones occur 
throughout the soil and are very numerous on the surface. 

Soils of this mapping unit occur on the island of Hawaii in associa- 
tion with the Olaa and Ohia soils, and to a limited extent with the Hilo 
soils. On the island of Maui they are associated with the Olaa soils. 
At the time of survey that part in association with the Olaa soils on 
the island of Hawaii was used for sugarcane, which was cultivated 
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almost entirely by hand. Much of this mapping unit on the island of 
Maui was once used for sugarcane but is now in pasture. 

These soils in sugarcane require intensive use of a complete fertilizer. 
Yields are not greatly different from those obtained on Olaa stony 
silty clay loam, but costs of hand cultivation are very high. 

When used for pasture, this unit is adapted to the species common to 
this vegetation zone. Among these are Hilograss, the main native 
grass, other paspalums, and kikuyu. Extreme stoniness and the high 
proportion of bedrock outcrop seriously hinder good management of 
pastures, particularly the control of guava, which quickly infests these 
areas. Pastures produce a large amount of forage, but it is poor for 
fattening cattle. The grasses are low in both palatability and total 
dry matter. 

Although soils of this unit must be considered very shallow, the sur- 
face of the underlying Aa lava is characteristically very rough and 
broken. The soil material extends deep into cracks, so plant roots can 
penetrate and reach a greater supply of moisture than on similar soils 
that overlie Pahoehoe lava. Under the 120 inches or more of rainfall 
per year in this zone, moisture is rarely limiting. 


Hilo family, very shallow phases—Pahoehoe lava complex (2 to 8 
percent slopes) (H2x).—This is a complex consisting of very shallow 
soils, mainly from 4 to 12 inches thick, that occur in association with 
a high proportion of bedrock outcrop of the Pahoehoe lava. They 
are found on the island of Hawaii, mainly in association with Ohia 
and Olaa soils, and on Haleakala on the island of Maui. Pahoehoe 
lava generally is less broken than that underlying the mapping unit, 
Hilo family, very shallow phases—Aa lava complex. Soil material 
does not extend so deeply into cracks and crevices of the underlying 
rock as it does in the complex with Aa lava, and the volume of soil 
available for plant roots is correspondingly less. Also, this complex 
has many small concave depressions that may be somewhat poorly 
drained. The profile normally consists mainly of an A; horizon like 
that described for the Olaa series, but a very thin, gritty layer corre- 
sponding to the B horizon for Olaa soils is found immediately above 
the bedrock in some places. 

The plantation managers on the island of Hawaii consider this 
complex little different from the complex with Aa lava in regard to 
productivity for sugarcane. Their estimate reflects the fact that 
rainfall in this vegetation zone maintains a good moisture supply, 
even for these shallow soils, and that plant nutrients are supplied by 
commercial fertilizer. "Though these soils have fewer loose stones on 
the surface and throughout their profile than the complex with Aa 
lava, they do have a proportion of bedrock outerop so high as to 
practically prohibit machine cultivation of sugarcane. 

Areas of these soils associated mainly with the Ohia and Olaa soils 
on the island of Hawaii were used for sugarcane when the area was 
surveyed. Those on Haleakala on the island of Maui are used for 
grazing. Part of the area on the island of Maui was once used for 
cane, but at the time of survey had been retired from that use because 
of high costs. 

When used for pasture, the soil produces a large amount of forage 
that is low in total dry matter, relatively low in palatability, and 
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inferior for fattening cattle. Among the grasses adapted to this 
vegetation zone are Hilograss, the principal native species, other 
paspalums, and kikuyu. Control of guava is difficult on these shallow 
stony soils because mowing is not practical. Areas infested with 
guava are extremely difficult to reclaim. 


Hilo family, steep phases (25 to 50 percent slopes) (H2¢).—This 
unit consists of soils of the Hilo family with slopes so steep that effec- 
tive use of machinery is prohibited. "The profile is comparable to 
that of the less strongly sloping soils with which this unit is associated 
but generally is somewhat eroded and shallower. 

The phases in this mapping unit occur mainly in association with 
soils of the Hilo and Kaiwiki series and are confined to the island of 
Hawaii. At one time they were at least partly used for hand- 
cultivated cane, but with increased mechanization the major part of 
this mapping unit has been retired from cultivation and is now idle 
and covered with guava, small ferns, and associated plants. 

A small part of the total area is grazed. The pastures consist 
mainly of Hilograss and its associates. Kikuyu and paspalums other 
than Hilograss are adapted, but the difficulty of preparing the land 
for replanting makes their introduction most difficult. On these 
steep slopes, control of guava and false vervain is a primary handicap 
because periodic mowing is virtually impossible. Pastures on these 
soils are invariably weedy and correspondingly poorer than those on 
more gently sloping soils. Pastures throughout this vegetation zone 
are inferior for fattening cattle because of low total dry-matter con- 
tent and low palatability of the forage. Probably the forage is also 
low in mineral constituents. These soils are likely best used for forest.. 


SOILS OF THE HONOKAA FAMILY 


Soils of the Honokaa family occur under an annual rainfall of 80 to 
120 inches at altitudes of 1,200 to 5,000 feet. They are entirely 
within vegetation zone D; as defined in the section on Soils and Vege- 
tation. A belt of these soils lies above the cane-producing areas along 
the Hamakua coast on the island of Hawaii and extends from the 
vicinity of Ookala northwestward to the valley of Waipio Stream. 
From this valley a narrow strip of these soils swings on to the south 
side of Kohala mountain and continues to the vicinity of Kahua. 
The relationships of the Honokaa soils to other families of soils of the 
Hydrol Humic Latosol group are shown in table 17. 

Soils of the Honokaa family have the A; horizon characteristic of 
soils that occur under high rainfall at moderately high elevations. 
The A; is strongly developed, 5 to 8 inches thick, and dark gray or 
dark grayish brown. The A; overlies a yellowish-brown or yellowish- 
red, smeary, silty clay loam subsoil of crumb structure. With depth, 
the subsoil grades to parent material of weathered volcanic ash, which 
is variable in color and generally clayey. Bedrock is normally more 
than 36 inches below the surface and is not conformable with the 
overlying volcanic ash. 

The soils are strongly leached of both bases and silica, and silica- 
sesquioxide ratios are generally near 0.5 or below. The pH values 
range from 4.5 to 5.5 in the A, horizon and are generally below 5.0 in 
the B. The soils are moderately high in organic matter; values are 
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commonly as high as 15 to 18 percent in the A; horizon and at least 
5 percent at a depth of 36 inches, This organic matter contributes 
considerably more than half of the total cation-exchange capacity of 
mm The clays are inert and are probably either kaolinitic or 
oxides. 

The soils have very high capacity to hold water, and, in common 
with other soils derived from volcanic ash in this general region, they 
have a very low bulk density. The moisture equivalent is very high, 
generally above 150, and in some places above 200. 

Only one series, the Honokaa, has been included in this family. In 
&ddition, one undifferentiated unit lies partly within the zone and 
may be considered comparable to the soils of this family. 


USE AND MANAGEMENT 


The original vegetation on soils of the Honokaa family was of the 
rain-forest type; ohia lehua and various ferns were dominant. A large 
part of the total area is now used for pastures in which there are prac- 
tically no trees. Hilograss is dominant in all the pastures, but carpet- 
grass is a minor constituent in the stand, and ricegrass is prominent in 
the wetter areas. Dallisgrass and rattail appear at the upper altitude 
limits of the family. Paspalums are prominent in some pastures on 
Kohala mountain, and sedges appear near the upper altitude limits. 

The soils produce a good sod and abundant feed, but the forage is 
low in both palatability and total dry matter, and is therefore poor 
for fattening cattle. The larger ranches use pastures on these soils 
for the breeding herd or as a source of feed during dry periods. Small 
ranchers located entirely on these soils have a serious problem in 
finishing their animals. Some of them do not attempt to finish their 
cattle for market; they sell them as feeders to ranches that have 
fattening areas available or have access to byproducts of the sugar 
and pineapple industries. 

Throughout the pastured area, weeds are a serious problem. Guava, 
one of the most aggressive pests, rapidly takes over areas that have 
been cleared, particularly those at the lower elevations. Guava can 
be controlled by planting the short sod-forming and creeping grasses 
and mowing the pastures periodically. Mowing is feasible only if it 
can be done by machinery. 

Slope is the main limitation to machine cultivation, but stoniness 
and depth to bedrock are also important. The soils of this family and 
the Kealakekua family are grouped according to suitability for machine 
cultivation in table 66. Slope gradients expressed in percentages do 
not express the full difficulty of machine cultivation. The slopes are 
complex and therefore much more difficult to till than uniform slopes of 
similar gradient. At least moderately extensive areas have uneven, 
knobby, or hilly relief because they overlie the uneven surface of 
relatively young lavas. 


Coffee was produced on this soil family in a relatively large shade- 
tree development at Lewistown, but the acreage has decreased to the 
point where only a few groves are still in production. Vegetables and 
flowers are grown in the Homestead areas above Paauhau and Hono- 
kaa. Production of vegetables is hazardous because cloudiness and 
heavy rainfall induce diseases on these fairly heavy soils. In addi- 
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tion, on those areas with rolling topography, erosion is a serious 
problem and the soil requires conservation measures when used for 
vegetables. There is one large macadamia nut orchard on these soils 
near the lower altitude limits, and it is believed that plantings could 
be expanded throughout this region to elevations of 2,000 or 2,500 
feet above sea level. A few dairies are located on these soils, and 
apparently dairying could be expanded if concentrates were fed to 
make up for lack of nutrients in the succulent green feeds produced on 
these soils. 

The soils are low in fertility. They are low in bases and in available 
phosphorus. A considerable part of the plant-nutrient supply is held 
in the organic matter. The total supply of nitrogen is high, but under 
continuous cropping the soils require large applications of nitrogen 
fertilizer. 

HONOKAA SERIES 


This is the only series of the Honokaa family, and its environment 
and general characteristics are those described for the family. 
Modal profile of the Honokaa series: 

A, 0 io 7 inches, dark-gray or dark grayish-brown silty clay loam; weak 
medium granular structure; friable when moist, hard when dry, and 
smeary when wet; pH 4.5 to 5.5; roots very numerous. 

B, 7 to 15 inches, yellowish-brown silty clay loam; weak medium crumb 
structure; friable when moist, hard when dry, and smeary when wet; 
pH 4.0 to 5.0; roots numerous, moderately high in organie matter. 

B, 15 to 36 inches, yellowish-red to yellowish-brown silty clay loam; weak 
medium crumb structure; friable when moist, very hard when dry, and 
strongly smeary when wet; pH 4.0 to 5.0; roots present. 

C 36 inches--, highly weathered volcanic ash varying from yellowish red 
to grayish brown; in consistence and structure, similar to Be; locally 
mottled with yellow and gray at contact with partly weathered uncon- 
formable lava bedrock, which may be found at depths ranging from 2 to 
6 feet or more. 


That part of the series occurring on Kohala mountain is generally 
heavier than that above the Hamakua coast. It is more clayey in the 
lower subsoil and has a more grayish surface, but in other characteris- 
tics is similar. In that part of the area adjoining the Waimea plateau, 
water stands on small level areas or in the shallow depressions for 
considerable time after rains. In these places the soil is distinctly 
mottled at the juncture with the underlying lava but cannot be con- 
sidered poorly drained. Wherever this series occurs, the A; horizon 
becomes grayer as elevation increases. 


Honokaa silty clay loam, gently sloping phase (3 to 8 percent 
slopes) (H2n).—This is the most gently or evenly sloping Honokaa 
Boll The profile generally is similar to that described for the Honokaa 
series, but the A; horizon normally averages about 10 inches in thick- 
ness in places where the soil occurs on concave slopes within more 
strongly sloping topography and receives accumulations of surface 
soil washed from adjacent slopes. In some places the A; horizon may 
be as much as 20 inches thick. In the most nearly level areas, dis- 
tinct yellow or gray mottlings in the lower part of the B or C horizon 
is evidence of restricted drainage. The soil is nonstony in most 
places, and bedrock generally lies at depths of more than 36 inches. 
Little or no erosion has occurred. "The soil has low supplies of bases 
and available phosphorus but is high in total nitrogen. Under con- 
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us cropping, however, nitrogen fertilizer is essential for good 
ields. 

? Most of this soil is used for pasture. Hilograss is dominant, but 
rattail is common in wetter areas, and Dallisgrass and some carpet- 
grass also occur. Pastures are of low quality for fattening cattle 
because they produce forage low in both total dry matter and palata- 
bility. They are used for the breeding herd, however, or on the larger 
ranches as & source of supplemental forage during dry weather. 

'This soil is better for vegetables and flowers than most areas of 
other Honokaa soils because it has gentle slopes and slight erosion. 
Nevertheless, vegetable growing is hazardous because cloudiness and 
high rainfall encourage a high incidence of diseases. This soil is also 
one of the better ones for macadamia nuts. 

Control of guava and associated pests at the lower clevations and of 
other shrubs and weeds at the higher elevations is one of the more 
important problems of pasture management. This phase is well 
&dapted to the use of machinery for control of such pests. 


Honokaa silty clay loam, sloping phase (8 to 15 percent slopes) 
(H2v).—Slope gradient moderately restricts use of machinery on this 
phase, and slippage is probably the greatest handicap to cultivation. 

Most of the soil is used for grazing. Pastures produce a large 
amount of relatively low-quality forage. Hilograss is dominant, but 
rattail is prominent at higher elevations, and ricegrass in the wettest 
areas. In improved areas paspalums other than the native Hilograss 
have been introduced, and kikuyu is also well adapted. The forage 
is inferior for fattening cattle because of low dry-matter content and 
low palatability. Larger ranchers use this soil effectively as paddocks 
for the breeding herd and for supplemental pasture during periods of 
dry weather. Some small ranchers located on this soil raise feeder 
cattle for sale to ranches having pastures in drier regions. 

Much of the coffee development at Lewistown was on this phase, 
but only a few groves were still in production when the area was 
surveyed. Vegetables and flowers also are grown in the Homestead 
areas, but the soil is not so well suited to these as the gently sloping 
phase with which it is associated. Erosion must be controlled, and 
the crops are subject to a variety of diseases because of the very humid 
climate. 


Honokaa silty clay loam, knobby phase (3 to 8 percent slopes) 
(H2r).—This is the least strongly sloping soil in the area of uneven 
relief. The area consists of a series of small knobs or knolls, commonly 
only a few tens or a few hundreds of feet across, intimately inter- 
mingled with equally small depressions and flats. Locally short slopes 
may be as steep as 10 or 12 percent, though the range normally is from 
3 to 8 percent. In spite of these normally mild slopes, the uneven 
topography greatly increases the difficulty of using machinery and 
the problem of erosion. It is practically impossible to work this land 
on the contour, and slippage on the short, steep slopes causes difficulty. 
Nevertheless, this soil must be considered at least moderately well 
adapted to mechanized agriculture. 

Practically all of the phase is used for pasture, and its carrying 
capacity is essentially the same as that of the sloping and gently 
sloping phases of Honokaa silty clay loam. Pastures consist domi- 
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nantly of Hilograss, but ricegrass is prominent where the rainfall is 
highest, and rattail occurs near the highest elevations. The forage 
is low in palatability and total dry-matter content, but the amount 
produced is large. These pastures are poor for fattening cattle. On 
the larger ranches they are used mainly as paddocks for the breeding 
herd or as supplemental pasture. On the smaller ranches this soil is 
frequently used for raising feeder cattle that can be sold to ranches 
having pastures in drier areas. 

Vegetable production is small on this soil, and the soil is rather 
poorly adapted to such use. The uneven slopes make soil conserva- 
tion very difficult. The knolls erode seriously, and the material 
washed from them accumulates in the small depressions. This soil 
is probably best used for pastures. 


Honokaa silty clay loam, hilly phase (12 to 25 percent slopes) 
(H2s).—Mapped in this phase are steeper areas of the Honokaa 
series that have uneven relief. The area as a whole slopes toward 
the sea, but slopes fall stepwise in accordance with the unevenness of 
the underlying lava. In addition to the general slope toward the 
sea, there is a distinct roll parallel to the contour of the land. 

The profile is similar to that described for the Honokaa series, but 
the soil is generally appreciably shallower than normal, and bedrock 
outcrop is common. 

Essentially all of this phase is used for grazing. The ranchers do 
not consider its carrying capacity to be appreciably less than that of 
the knobby or sloping phases, but control of shrubs or weeds and 
renovation of old pastures is made more difficult by the strong slopes 
and uneven relief. The main grasses are Hilograss, rattail, and rice- 
grass. A large amount of forage is produced, but it is low in palata- 
bility and total dry-matter content. On the larger ranches such 
pastures are used for the breeding herd or as a source of supplemental 
feed during dry weather. On the smaller ranches, this phase may be 
used for feeder cattle that can be sold to ranches that have pastures in 
drier areas. Steepness and unevenness of slope make it very poor 
for cultivation. When plowed, it is subject to serious erosion, and 
the use of machinery is extremely difficult. 


Honokaa silty clay loam, phases undifferentiated (8 to 20 percent 
slopes) (H2v).—This unit was mapped in that part of the area sur- 
veyed in reconnaissance. The frequency of traverse did not permit 
slope differentiation, so this unit consists of several phases in various 
combinations. Locally, slopes may be as low as 3 percent. The 
profile is essentially that described for the Honokaa series, or for the 
various phases heretofore described. 

Practically all of this mapping unit is used for pasture. Hilograss, 
ricegrass, and rattail are dominant. These pastures, like others on 
the Honokaa soils. are of low quality for fattening cattle but produce 
very large amounts of forage. The forage is low in total dry matter 
and relatively low in palatability. Probably it is also low in mineral 
nutrients. The limitations for use are much the same as those described 
for the Honokaa series and the various phases of that series hereto- 
fore described. 
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UNDIFFERENTIATED UNITS 


Mapped as undifferentiated units are those areas within the region 
occupied by the Honokaa family that have conditions such as steep 
slope, shallowness, or extreme stoniness to such degree that other 
soil characteristics are completely overshadowed and land use is 
greatly limited. The undifferentiated shallow and very shallow Hon- 
okaa soils have been included with soils of the Honokaa and Ookala 
families to form two undifferentiated mapping units elsewhere 
described—Ookala and Honokaa families, shallow phases; and Ookala 
and Honokaa families, very shallow phases. The steep undiffer- 
entiated Honokaa soils have been combined with steep soils of Ookala 
and Kealakekua families and mapped as Honokaa, Ookala, and 
Kealakekua families, steep phases, which is next described. 


Honokaa, Ookala, and Kealakekua families, steep phases (25 to 50 
percent slopes) (H2p).—This undifferentiated mapping unit occurs as 
small areas scattered throughout the regions occupied by soils of the 
Honokaa, Ookala, and Kealakekua families. Those areas at lower 
elevations on the Hamakua coast that are associated with the Ookala 
soils were once partly used for sugarcane, but increasing mechaniza- 
tion caused abandonment. Most of the land is now idle and covered 
with guava and other weeds and shrubs. Those areas of this undiffer- 
entiated unit occurring in the region occupied by Honokaa soils are 
used for pasture along with adjacent soils of the Honokaa series. 

This unit generally has pastures that are more weedy and probably 
lower in carrying capacity than those on the soils with which it is 
associated. Where associated with the Ookala and Honokaa soils, 
this unit of undifferentiated steep phases is generally deep, though 
commonly shallower than the associated soils. 

In the Kona section of Hawaii, where this unit is associated with 
the Kealakekua soils, its profiles are more commonly shallow. In the 
Kona section this land is used primarily for pasture or is idle or 
covered with forest. 

Steep slope severely limits use of this undifferentiated unit. Where 
weeds can be controlled effectively, it produces a moderately large 
amount of low-quality forage and is at least fair for pasture. Various 
chemical weed killers now becoming available may make control of 
weeds possible. If this unit is not used for pasture, it is probably 
best used for forest. 


SOILS OF THE KEALAKEKUA FAMILY 


Soils of the Kealakekua family are young Hydrol Humic Latosols 
mapped only in the Kona and Kau sections on Hawaii. In many 
respects they are related to other Hydrol Humic Latosols in much 
the same way that soils of the Kapoho family are related to the Humic 
Latosols. Because they are younger than other Hydrol Humic Lato- 
sols, plant roots can reach moderately weathered materials that con- 
tain relatively large amounts of primary minerals. 

Soils of this family look much like other Hydrol Humic Latosols, 
but have considerably higher pH values, which indicates that they 
are much less depleted of bases than is normal for the group. They 
occur at altitudes of 1,800 to 3,750 feet under an annual precipitation 
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of 80 to 100 inches. They are entirely in vegetation zone Dy. The 
relationships of this family to other Hydrol Humic Latosols are 
shown in table 17. 

The A, horizon, strongly developed and very high in organic matter, 
is a grayish-brown weakly granular silty clay loam that is moderately 
smeary when wet. Its pH ranges mainly from 5.0 to 6.0. The sub- 
soil is a yellowish-red to reddish-brown silty clay loam of crumb 
structure. It is moderately or strongly smeary when wet, and its 
pH values range from 5.2 to 6.5. The subsoil grades into weathered 
volcanic ash mixed with rock material weathering from the underlying 
young lava. 

By mechanical analyses, these soils would be clays. The clays are 
relatively inert, however, and their physical properties are like those 
of soils in the temperate zones that are high in silt. Soils of the 
Kealakekua family are high in total nitrogen and are better supplied 
with bases than other soils of the Hydrol Humic Latosol group. They 
generally have the capacity to fix very large quantities of phosphorus 
in forms not available to plants. Their supply of available phos- 
phorus, as indicated by rapid chemical tests, is very low. These 
soils may be considered transitional from the Hydrol Humic Latosols 
to the young Latosolic Brown Forest soils derived from volcanic ash. 
The family consists of two series having relationships as shown in 
table 65. 

USE AND MANAGEMENT 

Soils of the Kealakekua family, even though they may be physically 
suitable for cultivation, are marginal or submarginal for most crops. 
They occur in areas subject to much cloudiness and high humidity. 


Tapsie 65.—Key, modal profile, and environment 


Modal profile 
Horizon Color (moist) 
Key Series Range in depth 
Tet: to— Texture 
ar 
sym- Name Munsell 
bol | Upper | Lower 
limit | limit 
Inches | Inches 
Ay: duso-eacc 4- 6 | Grayish brown..| 10Y R 4/2- Silty clay 
5/2. loam. 
A. Derived from | Keala- *B |4- 6 | 6-30 | Yellowish red...| 5YR 5/6- — |... do... 
shallow vol-| kekua. 7.5Y R 5/6. 
canie ash influ- *C1| 6- 30 | 6- 60+) Weathered volcanic ash mixed with 
enced by D į 6 60+/-.--..-- Unweathered lava. 
weathering 
bedrock. Ar |---| 4 6 | Grayish brown..| 10¥R 4/2- | Silty clay 
o oam. 
Ba | 4 6 |36-48 | Reddish brown. eo 43 J-a i la ERE 
B. Derived from Alili.... z 
deep volcanic *B; |36- 48 136- 66 | Brown. ........ TYR 4ft- |..... dos. Saend 
nee *C |86- 66 |36-100+) Weathered volcanic ash mixed with weathering 
underlying D [86-100++-]---_____ Unweathered laya_._-.----..--------------- nee 
rock. 


*May be partly or entirely replaced by bedrock at shallow depths. 
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The cloudiness limits production of sugar, and the humidity favors 
diseases in vegetable crops. 

On the Alili series in the Kau section, sugarcane extends into the 
areas at lowest elevations, but the plantations reported lower yields of 
sugar than on the adjacent Moalula and Naalehu soils. Yields on 
soils of the Alili series vary less from. year to year, however, because 
they have better distribution of rainfall. In the Kau section the upper 
two-thirds of the Kealakekua soil area is in forest. 

In the Kona section, little of the Kealakekua family is used for 
cultivated crops. Most of it is in pasture and forest, and the area is 
reached by only a few trails. 

In both the Kau and Kona sections the native vegetation was ohia 
lehua-fern forest. In pastured areas, the trees have been cleared or 
have been trimmed by grazing so that open to semiclosed grazing land 
is formed. 

Hilograss is dominant, but carpetgrass, ricegrass, and yellow foxtail 
are present. In the Kona section, an occasional long period of dry 
weather may limit the carrying capacity. Generally, however, the 
soils produce large quantities of feed that is low in total dry matter 
and less palatable than that growing in drier regions. 

Rapid chemical tests indicate that these soils are better supplied 
with available calcium than other soils of the Hydrol Humic Latosol 
group. Available potassium is generally low, and available phos- 
phorus is very low. Guava, a serious pest in pastures at lower eleva- 
tions, can be controlled by periodic mowing on land suitable for the 
use of machinery. Throughout much of the pastured area, however, 
open stands of trees prohibit the use of machinery. Table 66 groups 
the soils according to their suitability for mechanization. 


of soil series of the Kealakekua family 


Modal profile—Continued Environment 
Consistence 
Annual Vege- 
Structure pH Island rain- | Elevation | tation 
Wet Dry fall zone 


Inches Feet 


Weak medium Moderately Hard............|5.0-6.0 
granular. smeary. 
Weak O denos G0 -~ es [oan ne! do........-- 5.5-6.5 |\rrawaii__| 80-100 |2, 000-3, 500 | Dz. 


crumb. 
the weathering surface of underlying lava. 


Weak medium Moderately Hard MSEE 5. 0-6. 0 
granular. smeary. 
Weak medum PN. EE PENS > REEE! Y a i 
erumb. n 
Weak fine blocky.]..... doze ed 15. 6-6. 8 'Hawaii..| 80-100 |1, 800-3, 750 | Ds. 
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TAsLE 66.—Suitability and physical limitations of soils of the Honokaa and Kealakekua families for mechanized agriculture 


Sorts WELL SUITED TO MECHANIZED AGRICULTURE 
MEM | | Depth 
| ep ee "Y 
Soil family and mapping unit Slope Erosion Loose stones to boa- a 
Honokaa family, gently sloping phase: Percent Inches 
Honokaa silty clay loam, gently sloping pbase.......... 3- 8 | Slight_.-.-..- Few......... 40--| None. 
Sorts MODERATELY WELL SUITED ro MECHANIZED AGRICULTURE 
vou and Kealakekua families, sloping and knobby 
phases: 
Honokaa silty clay loam, sloping phase... c... 8-15 | Moderate_____ Few........- 40--| Moderate slopes. 
Honokaa silty clay loam, knobby phase---------------- 3- 8 |... do-------ļ----- (ES 40-+| Complex slopes. 
Kealakekua silty clay loam, sloping phase.............. 5-15 |....- do. Moderate... 20- 40 Moderate slopes. 
Sorts PooRLY SUITED TO MECHANIZED AGRICULTURE 
Honokaa and Kealakekua families, hilly and moderately 
steep soils: 
Honokaa silty clay loam, hilly phase- ----------------- 12-25 | Moderate... Few......... 40-r| Strong complex slopes. 
Honokaa silty clay loam, phases undifferentiated 8-20 |..... ido... os Sa SOO! 2s 40+] Slope. 
Alili silty clay loam, slopes undifferentiated. ----------- 5-25 |..... docs zl liil dor seca 40+ Do. 
Alili fine sandy loam, slopes undifferentiated- ---------- 0-25 a ne WG. Anccclescad Co EMEN 404- Do. 
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Sorts POORLY SUITED OR Unsuirep TO MECHANIZED AGRICULTURE 


Kealakekua family, very shallow phases: 
Kealakekua silty clay loam, very shallow phase over 
Aa lava. 
Kealakekua silty clay loam, very shallow phase over 
Pahoehoe lava. 
Kealakekua family, very shallow phases with rockland: 
Kealakekua silty clay loam, very shallow phase—Aa 
lava complex. 
Kealakekua silty clay loam, 
Pahoehoe lava complex. 
Honokaa, Ookala, and Kealakekua families, steep phases: 
Honokaa, Ookala, and Kealakekua families, steep phases_ 


very shallow phase— 


Moderate- - - - 


Very stony... 


Loose stones, outerop. 


Do. 


Very shallow and stony. 


1 Undifferentiated. 
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KEALAKEKUA SERIES 


Soils of the Kealakekua series occupy the belt of highest rainfall 
in the Kona section on the island of Hawaii. They occur at altitudes 
of 2,000 to 3,500 feet under rainfall ranging from 80 to 100 inches per 
year. The maximum rainfall comes at about the middle of the area 
the series occupies. In the lower half of the area rainfall increases 
with elevation, and in the upper half it decreases with elevation. 
The soils are confined to vegetation zone D;. 

Soils of the Kealakekua series are derived from a shallow layer of 
voleanic ash over relatively young basaltic lava, but the underlying 
lava contributes much to the solum. The pH values of the A, horizon 
are generally between 5.0 and 6.0, and in the B horizon values increase 
with depth. Tiny fragments of unweathered lava occur in the lower 
part of the soil. Depth to bedrock ranges from a few inches to 40 
inches in the various phases. 

Modal profile of the Kealakekua series: 


Ai 0 to 5 inches, grayish-brown silty clay loam of weak medium granular 
structure; hard when dry, friable when moist, and moderately smeary 
when wet; pH 5.0 to 6.0; roots very numerous. 

B 5 to 15 inches, yellowish-red silty clay loam; weak medium erumb struc- 
ture; hard when dry, friable when moist, and moderately smeary when 
wet; generally gritty because it contains undecomposed fragments of 
lava; pH 5.5 to 6.5; roots numerous. 

C 15 inches +, weathered voleanie ash mixed with weathering particles of 
the underlying lava; sandy clay loam texture; pH mainly above 6.0; 
grades to slightly weathered bedrock (D). 

The distinctly grayish surface soil is typical of Hydrol Humic Lat- 
osols in this climatic zone, and so is the weakly developed medium- 
granular structure. The clays dehydrate irreversibly, but when wet 
are less strongly smeary than is normal for most Hydrol Humie 
Latosols. Subsoil colors vary from yellowish red to reddish brown 
or yellowish brown. In some of the more nearly level areas, gray, 
brown, and yellow mottling occurs at the junction with the rock, 
but this condition is not extensive. These soils are less highly leached 
than are most other Hydrol Humic Latosols, and pH values throughout 
the solum are relatively high. The pH values increase with depth 
because greater amounts of unweathered rock are incorporated with 
the soil material as depth increases. 


Kealakekua silty clay loam, sloping phase (5 to 15 percent slopes) 
(Kxc).—-This is the deepest soil in the highest rainfall belt of the 
Kona section on Hawaii. It is 20 to 40 inches deep over bedrock in 
most places and receives 80 to 100 inches of rain per year. Little of 
the soil is used for cultivated crops, as it occurs in small areas that can 
be reached only by trails in a region used mainly for pasture or forest. 


The soil profile is similar to that described for the Kealakekua 
series but the various layers are thicker than average. In places 
some gray, brown, or yellow mottling may be noticed where the parent 
material joins the underlying bedrock. 

Although this soil is only moderately stony and occurs on topography 
well adapted to machinery, little of it is used for cultivated crops. 
Because it occurs in small areas surrounded by very shallow soils, 
use is limited more by its association with these shallow soils than by 
its own characteristics. 
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The original vegetation was the rain forest of the ohia lehua-tree 
fern association. Most of the forest has been cleared, or at least 
thinned, so there are areas of open to semiclosed grazing land. Hilo- 
grass, carpetgrass, ricegrass, and yellow foxtail are dominant.  Dallis- 
grass and kikuyu are well adapted for introduction. In years of 
normal rainfall the soil will produce large quantities of feed, but 
occasional dry spells limit the carrying capacity to about 5 acres per 
head for year-round grazing. ‘The forage is poor for fattening cattle, 
as the grasses are low in total dry matter and less palatable than those 
growing in drier areas. "The pastures are used for the breeding herd 
or as a supplemental source of forage during dry periods. They may 
also be used for feeder cattle that will be moved to areas of lower rain- 
fall for finishing. 

The soil is believed to be well suited to macadamia nuts, though 
actual experience is lacking. It likely would be at least moderately 
well suited to vegetables, but the humidity would favor many kinds 
of diseases. 


Kealakekua silty clay loam, very shallow phase over Aa lava (5 to 
20 percent slopes) (KKE).—This phase and its analog over Pahoehoe 
lava are the most common units in the belt of Kealakekua soils in the 
Kona section. Most of this soil is 6 to 18 inches thick, but in places 
it is as deep as 24 to 30 inches. In most places the soil profile 1s like 
that described for the Kealakekua series. Throughout the area, 
however, there are numerous depressions, too small to be mapped 
separately, that have a wet, mucky surface soil over a dark-brown 
highly organic subsoil. These mucky areas are usually found where 
the rock is within 8 or 10 inches of the surface. 

Most of this soil is in open pasture that generally has more guava, 
other shrubs, and trees, than pasture on the sloping phase of Kealake 
kua silty clay loam, The soil is very stony, and control of shrubs 
and weeds is extremely difficult. Machinery generally cannot be 
used. Ricegrass is more prominent than on the sloping phase, and 
in most places Hilograss and carpetgrass occur with it. The soil 
produces & sanc lana amount of forage that is low in palatability 
and in total dry matter. 


Kealakekua silty clay loam, very shallow phase over Pahoehoe lava 
(5 to 20 percent slopes) (Kkr).—This soil is very much like Kealakekua 
silty clay loam, very shallow phase over Aa lava, but the soil material 
does not extend deeply into cracks, and the rooting of plants is 
relatively more restricted. 

This soil ranges from 4 to 18 inches deep to bedrock in most places, 
or an average of about 12 inches. It has many more slight depressions 
than its analog over Aa lava. These depressions have a wet, mucky 
surface soil over a dark-brown highly organic subsoil. Rock is 
usually within 6 or 8 inches of the surface in these places. 

This soil is not so stony as its analog over Aa lava, and in many 
places it may be feasible to use machinery for control of noxious 
shrubs such as guava. Nonetheless, this soil is considered stony. 
In many places trees form moderate to dense stands that would 
effectively prohibit machine mowing of pastures. Ricegrass is more 
prominent on this phase than on the sloping phase of Kealakekua 
silty clay loam or on the analog over Aa lava. This greater growth 
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of ricegrass is apparently correlated with somewhat slower drainage 
in the relatively unbroken surface of the Pahoehoe lava. The total 
carrying capacity of the soil is high, but the forage is of low quality 
for fattening cattle. The grasses are low in total dry matter and 
relatively low in palatability. 


Kealakekua silty clay loam, very shallow phase—Aa lava complex 
(5 to 20 percent slopes) (Kxp).—This complex is made up of a very 
shallow soil and outcrops of Aa lava. Rough, broken, barren Aa lava 
may constitute as much as 40 or 50 percent of the total area. In the 
soil-covered areas, the depth to bedrock is generally less than 6 inches, 
but in many places soil material may extend 18 or 20 inches downward 
in cracks and crevices of the underlying lava. Thus, in spite of the 
shallow average depth of soil material, the soil-covered areas have a 
relatively thick zone of rooting for plants and a higher water-holding 
capacity than those areas that overlie Pahoehoe lava. Except for 
shallowness of various layers, the soil profile is like that described 
for the Kealakekua series. The B horizon, where it exists, is almost 
entirely in cracks and crevices between the rocks. 

This unit is completely unsuited to the use of machinery and has 
very limited possibilities for hand cultivation. When established, 
grasses appear to do very well on the soil-covered parts of tho area, 
but keeping out shrubs and other weeds is difficult. Pasture improve- 
ment and development are probably limited to the introduction of 
vigorous, creeping, sod-forming species such as kikuyu that are able 
to compete with the various weeds that infest the area. The carrying 
capacity is limited also by the total area of soil that will support 
grass. Much of the soil capable of supporting grass is now in forest. 
It was observed during the survey that the vegetation on this complex 
was generally more luxuriant than that on its analog, the comple 
over Pahoehoe lava that is described next. 


Kealakekua silty clay loam, very shallow phase—Pahoehoe lava 
complex (5 to 20 percent slopes) (Kxc).—This complex consists of 
small areas of very shallow soil, usually less than 6 inches deep over 
smooth unbroken Pahoehoe lava, that occur in association with 
barren outcrops of this same lava. The outcrops may cover 50 
percent of the complex. 

The Pahoehoe flows are smooth for the most part, so most of the 
thin deposit of soil material has collected in small depressions or 
hollows. Between these deposits are expanses of nearly bare rock. 
In many places the soil consists of only a dark grayish-brown clay 
loam A, horizon in a mass of roots. Normally there is a thin gritty 
layer at the contact with the rock, and a very thin yellowish-brown 
silty clay or silty clay loam B horizon occurs in deeper pockets. 


Much of this unit appears to have slow drainage; it is wet and mucky 
during wet weather. The lava is old enough to have a thin partially 
decomposed layer at its surface. Grass will root to a Jimited degree 
in this partly decomposed rock. Parts of the area are smooth enough 
to be mowed, but in most places stoniness prohibits the use of machin- 
ery. As on its analog over Aa lava, pasture improvement and 
development are probably limited to the introduction of kikuyu 
or other creeping, aggressive grasses that can compete with the 
various shrubs and other weeds that infest the area. The carrying 
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capacity is limited by the shallowness of the soil and by the proportion 
of the complex that has no soil on it. In general the forage produced 
is of poor quality—low both in palatability and in total dry matter. 
Hilograss and ricegrass are among the more prominent species. 


ALILI SERIES 


Soils of the Alili series occur at the upper limit of the canelands 
and in the lower part of the forest belt in the Kau district on Hawaii. 
They are deeper over bedrock than soils of the Kealakekua series, 
but are like them in being younger than most other Hydrol Humic 
Latosols. Generally, they are less leached and weathered than soils 
on the Hilo coast that receive similar rainfall. This lower degree of 
leaching and weathering is evidenced by higher pH values and by the 
fact that the clays of the Alili soils do not form a smooth slick smear 
when wet. In other respects, however, these soils have the charac- 
teristics typical of Hydrol Humic Latosols, including the property 
of dehydrating irreversibly. — 

Modal profile of the Alili series: 

A; 0 to 5 inches, grayish-brown silty clay loam to fine sandy loam; weak 
medium granular structure; hard when dry, friable when moist, and 
moderately smeary when wet; pH 5.0 to 6.0; roots very numerous. 

B, 5to 42 inches, reddish-brown clay loam; weak medium erumb structure; 
hard when dry, friable when moist, and moderately smeary when wet; 
pH 5.3 to 6.3; roots numerous; (this horizon is similar in texture in both 
soil types). 

B, 42 to 54 inches, brown silty clay loam; weak fine blocky structure; hard 
when dry, friable when moist, and moderately smeary when wet; pH 
5.5 to 6.5; few roots present. 

C 54 inches +, weathered voleanie ash somewhat mixed with weathering 
rock fragments derived from the uncomformable underlying lava; 
where this bedrock occurs at shallow depths, the B; and C horizonsare 
absent. 

This series is derived mostly from Pahala ash. Nevertheless, it is 
influenced to some degree by sands of Kilauea origin. The two map- 
ping units are differentiated on the basis of texture. The areas de- 
rived from Pahala ash are mapped as Alili silty clay loam, slopes 
undifferentiated; and those influenced by sands, as Alili fine sandy 
loam, slopes undifferentiated. 


Alili silty clay loam, slopes undifferentiated (5 to 25 percent slopes) 
(Ao).—This soil of the upper canelands and the lower forested areas 
in the Kau district is only slightly influenced or completely uninflu- 
enced, by sands of Kilauea origin. It resembles the Moaula soils of 
the lower belt in many characteristics but has a thinner and grayer 
surface soil and a more smeary subsoil. Nevertheless, when wet, it 
does not smear so strongly as the soils of the Hilo coast that receive 
similar rainfall. The soil profile is essentially that described for the 
Alili series. 

In the forested areas at the higher elevations, the cover consists of 
an ohia-tree fern type of rain forest, with the associated dense under- 
growth of herbaceous plants, ferns, and vines. 

The soil is relatively well supplied with bases but is low in total 
available phosphorus. It is high in total nitrogen but requires fer- 
tilization with nitrogen under continuous cropping to sugarcane. 

At the lower elevations, the soil is used for the production of cane 
without irrigation. The plantations reported that yields were lower 
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than on the Naalehu soils, primarily because this soil is at higher 
elevations and therefore subject to more cloudiness and lower tem- 
peratures. Although the yields are lower when averaged over a long 
period, they are more consistent from year to year because rainfall 
is more dependable. Throughout most of the area, the slopes range 
from 5 to 15 percent and probably average somewhere between 10 
and 15. On these relatively uniform slopes, the use of machinery is 
possible but is moderately difficult because of slippage on the wet 
soil. In most places the soil is nearly free of stones and outcrops of 
bedrock are not common. 

Tf used for pasture, this soil is subject to the same limitations as 
other soils of this climatic zone. Hilograss is the dominant native 
species, but other paspalums and kikuyu are well adapted. The soil 
is moderately well adapted to mowing for control of the numerous 
shrubs and weeds that infest pastures in this vegetation zone. 

Pastures on this soil are of relatively low quality for fattening 
cattle. The forage produced is high in total amount but is low in 
palatability and in total dry matter. Thesoil can be used most effec- 
tively as pasture for the breeding herd, as a source of supplemental 
feed during periods of dry weather, or for grazing feeder cattle that 
will be moved to ranges in drier regions for finishing. Although there 
were no plantations on the soil at the time of survey, it appears that 
it might be adapted to the production of macadamia nuts. 


Alili fine sandy loam, slopes undifferentiated (5 to 25 percent 
slopes) (An).—This soil of the upper canelands or lower forested belt 
occurs in the Kau section where a thin layer of Kilauea sands has been 
deposited over weathered Pahala ash. The surface 4 to 6 inches is dark 
grayish-brown fine sandy loam or loam. This layer grades into a 
grayish-brown or brown fine sandy loam, which in turn rests on a 
yellowish-red silty clay loam B horizon typical of the Alili series. The 
rest of the profile is similar to that described for the Alili soils. 

The pH of the surface layer is generally near 6.0. The soil as a 
whole is somewhat higher in total bases than Alili silty clay loam, and 
is naturally more fertile because it has been rejuvenated by the deposit 
of Kilauea sands. 

At the lower altitudes this soil is used for sugarcane grown without 
irrigation. Yields reported were slightly higher than those on Alili 
silty clay loam, but are limited by the cloudiness and cool weather 
typical of these elevations. Slopes range mainly from 5 to 15 percent 
in gradient, and the soil is at least moderately well adapted to the use 
of machinery. When barren of vegetation, the soil is subject to serious 
sheet erosion. Under cane production, erosion is effectively controlled. 
Commonly, there are a few rocks scattered over the surface, but these 
do not seriously interfere with cultivation. 

Forested areas have a dense ohia-tree fern type of cover and the 
characteristic dense undergrowth of herbaceous plants, ferns, and 
vines. In pastured areas Hilograss is dominant, but there is some 
ricegrass and rattail. Pastures produce a large total amount of forage 
relatively low in quality. The grasses are lower in palatability and 
total dry matter than those growing on drier lands. Pastures can most 
effectively be used for the breeding herd, as a source of supplemental 
feed during periods of dry weather, or for grazing feeder cattle that will 
be moved to drier lands for finishing. , 
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SOILS OF THE AKAKA FAMILY 


Soils of the Akaka family are derived from volcanic ash and have 
developed under extremely high rainfall. They occur on the islands of 
Maui and Hawaii at altitudes of 800 to 6,000 feet, and throughout most 
of their area receive an annual rainfall of 150 to 300 inches. Locally, 
on the island of Hawaii, they extend into a zone having a rainfall as low 
as 120 inches per year. 

These soils are entirely in vegetation zone D, as defined in the section 
on Soils and Vegetation. They are Hydrol Humic Latosols with 
evidence of poor aeration in the substratum. The relationships of this 
family to other families of the Hydrol Humic Latosol group are shown 
in table 17. 

The soils are yellowish red or yellowish brown, and throughout the 
solum they are remarkably uniform in texture and in chemical composi- 
tion of the inorganic fraction. Organic matter is very high in the 
surface 5 or 6 inches, commonly between 15 and 20 percent. Organic 
matter decreases with depth, but it may be as high as 5 to 8 percent 
at depths of 3 or 4 feet, The presence of organic matter in the lower 
part of the soil is not apparent upon inspection in the field. 

These are very strongly leached soils that consist of highly weathered 
stable minerals dominantly of clay size. They have developed under 
rain forests consisting dominantly of ohia lehua and tree ferns. Koa is 
important in the association at the higher elevations. The leaf litter 
from this kind of forest is generally very acid. Extremely high rainfall, 
intensive leaching, moderately high temperatures, and rapid weathering 
have depleted the soils of bases and silica and have concentrated iron 
and aluminum. Silica-sesquioxide ratios are generally below 0.5 in the 
upper part of the solum and in most places increase slightly with depth. 

By mechanical analysis before drying, most of these soils would 
analyze very high in material] less than 0.2 micron in size. Nevertheless 
the physical properties are those commonly associated with soils that 
are very high in silt. The clays are apparently very inert. 

Like other Hydrol Humic Latosols, these soils dry irreversibly and 
form hard angular granules. As for other soils derived from volcanic 
ash, the bulk densities generally are considerably less than 1.0. The 
clays are friable when moist, but when they are wet they smear 
strongly under pressure. "The clays are essentially nonplastic. 

Further evidence of the inertness of these clays is given by Ayres 
(1) in his data on cation-exchange properties. Although the cation- 
exchange capacity of the surface layer is commonly between 35 &nd 
45 milliequivalents per 100 grams, the proportion of this that can be 
attributed to the organic matter is generally between 70 and 90 per- 
cent. "The mineral-exchange capacity 1s generally between 5 and 15 
milliequivalents per 100 grams in these soils that are almost 100 
percent colloidal. 

As evidence of the very high degree of weathering, Ayres’ data 
indicate that 10 to 20 percent of the total calcium in the soils is in 
exchangeable form. A very small quantity of new mineral nutrients 
is added to the solum by weathering of primary minerals. The 
luxuriant vegetation could not be possible except through the rapid 
release of bases from decomposing organie matter, which on these 
soils must contain a very large proportion of the total bases present 
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in the cycle from soil to plant and back to soil again. Vegetation in 
these areas is an effective cover crop and undoubtedly prevents these 
soils from becoming more depleted of bases. 


USE AND MANAGEMENT 


The soils of the Akaka family are almost entirely forested. Pro- 
duction of sugarcane extends into the area in a few places on the 
island of Hawaii, but rainfall is extremely high. A cloud blanket 
covers the area most of the time, and sugar yields are relatively low. 
These soils are at the wet-land limit of cane production. 

Ohia lehua is the dominant tree in most places, but Hawaiian koa 
is important in the association, especially at the higher elevations. 
Tree ferns are prominent throughout the zone and contribute to an 
extremely acid humus. Smaller ferns, such as staghorn, amaumau, 
and Boston, are prominent in the more open parts. The undergrowth 
of herbaceous plants and vines is dense. 

The most valuable product from these areas is water, not timber. 
The forest plays a very important part in conserving the water supply 
in the Hawaiian Islands. Without forest in these areas of high rain- 
fall, storage of water would be greatly reduced. 

Within the forest, the protective undergrowth of ferns and vines 
contributes much to the complex vegetation. This undergrowth is 
very casily damaged by grazing, and when it is removed the shallow- 
roots of the trees soon dry out and the forest dies. 

Ohia lehua, the dominant tree in forests on these soils, is of relatively 
little economic importance for wood products. Hawaiian koa, which 
is abundant in many places, is of considerably greater commercial 
importance. The koa can be propagated fairly casily in reforestation 
projects, but the ohia Ichua, because of its minute seed, is difficult to 
propagate. 

Several species of trees have been introduced for watershed cover, 
for example, turpentine tree, Formosa koa, Norfolk Island pine, and 
various species of eucalyptus, Japanese-cedar, paperbark tree, and 
silk oak. The wood of most of these trees has little value. They 
have been established mainly near the lower edges of the forest 
reserves to act as a barrier between the open lands below and the 
native ohia lehua forest above. On these soils, however, most of the 
forest consists of native trees. 


Pastures on these soils are subject to very distinct limitations. 
They produce large quantities of forage that is low in nutritive value, 
palatability, and total dry matter. It is generally recognized as poor 
forage for fattening cattle. Ranchers with large holdings use these 
soils to a limited extent as paddocks for the breeding herd or as 
supplemental pasture during periods of dry weather. Hilograss is 
the dominant native grass, but other paspalums, kikuyu, and the tall 
forage grasses such as Napiergrass and Guineagrass are adapted. 

Kikuyu, about the only species planted in the areas now being 
cleared, is favored because it can compete with the various weeds and 
shrubs that infest the area. Guava is the most serious pest at 
elevations below 2,500 feet; it can be controlled by periodic mowing. 

No experimental fertilization of pasture was reported for these 
soils. From experience on the Humic Latosols, however, it can be 
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expected that lime and phosphorus would increase the growth of 
grasses and certain legumes and perhaps improve the mineral content 
of the forage. The economie feasibility of such fertilization is 
uncertain. 


AKAKA SERIES 


Soils of the Akaka series are yellowish-red Hydrol Humic Latosols 
derived from volcanic ash. They occur at altitudes of 800 to 6,000 
feet on the windward sides of the islands of Hawaii and Maui. Rain- 
fall ranges from 120 to 300 inches per year, but averages somewhere 
near 150 inches. The soils are entirely in vegetation zone Ds. They 
are the most highly leached and most acid soils of the Hydrol Humic 
Latosol group. 


Modal profile of the Akaka series: 


Ay 2 to 5 inches of brown partly decomposed vegetative debris which is 
soft, wet, and mushy; extremely acid in most places. 

A! 0 to 7 inches, dark-gray to dark grayish-brown silty clay loam; hard 
when dry, friable when moist, and strongly smeary when wet; pH 4.0 to 
5.0; roots very numerous. 

B 7 to 30 inches, yellowish-red silty clay loam; weak medium crumb struc- 
ture, very hard when dry, friable when moist, and strongly smeary when 
wet; pH 4.0 to 5.5; roots numerous in the upper part and decrease with 
depth; commonly faintly mottled with gray in the lower part. 

C 30 inches +, mottled yellowish-red, gray, and rusty brown highly weath- 
ered voleanic ash; silty clay loam, similar to B in consistence; rests 
uncomformably on lava bedrock (D), generally below 5 feet. 


Soils of the Akaka series, which have developed on volcanic ash, are 
analogs of soils of the Koolau family, which are derived from rock 
weathered in place. 

Akaka soils generally have a distinct surface accumulation of 
organic debris that is soft, wet, and mushy. This material is ex- 
tremely acid, commonly about pH 4.0. The A, horizon is thinner and 
grayer than that of soils occurring at lower elevations and receiving 
less rainfall. The B horizon is generally yellowish red, but in some 
places it may be yellowish brown. Generally, the B horizon is faintly 
mottled with gray and rusty brown in the lower part, but this mottling 
may be absent on the stronger slopes. On nearly level areas, the 
mottling is strong in the lower part of the B horizon and may occur 
within 18 inches of the surface. The underlying C horizon is almost 
invariably mottled yellowish red, gray, and rusty brown. In some 
places the C horizon may have strata of ironstone, generally less than 
half an inch thick, at the contact with the underlying weathered 
bedrock. These thin ironstone layers are not so common as they are 
in soils of the Amalu series, which are derived from rock weathered 
in place. 

Locally, at the higher elevations, soils of the Akaka series include 
& few small, level swampy areas where the ohia trees are dwarfed and 
sedges appear in openings in the forest. 

The soils occur on a variety of slopes, but the dominant range is 
from 5 to 15 percent in gradient. Locally, on the steeper slopes, the 
soil is shallow over bedrock, and along the numerous small streams 
that dissect the areas there are steep gorges where solid bedrock crops 
out. "These gorges radiate from the centers of the mountains. 
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Akaka silty clay, phases undifferentiated (5 to 15 percent slopes) 
(Ac).—These soils of the rain forests on the island of Hawaii lie above 
the cane-producing areas along the Hilo coast, below the pastured 
areas on Mauna Kea, and near Glenwood, where the soil profile 1s 
deep. Soil conditions and land use are essentially those described for 
the Akaka family under the heading, Use and Management. Cane 
production extends slightly onto this unit, but the percentage of 
sunlight is low, rainfall is very high, and sugar yields are correspond- 
ingly low. Land such as this likely will be retired from sugarcane. 
It is apparently best used for forest that will protect water reserves. 

Slopes on these soils range mainly from 5 to 15 percent, but many 
small areas along the ura drainageways that dissect the land have 
slopes of 40 or 50 percent. Near Glenwood, the topography is gently 
sloping, or usually less than 5 percent. In the upper canelands, it 
was noted that the more nearly level areas had a deeper surface soil 
than normal for the type. These areas apparently represent an 
accumulation of local material washed from the adjacent more 
strongly sloping land. In the vicinity of Glenwood, waterlogging of 
the lower part of the subsoil and the substratum was more evident 
than in other areas occupied by this unit. 

Wherever it occurs, this unit is strongly acid and depleted of bases. 
It is an outstanding example of soils that continue to produce because 
large quantities of plant nutrients are involved in the cycle from the 
soil to vegetation and back to the soil again. No accurate measure- 
ments of the quantity of nutrients involved in that cycle are available, 
but from the sheer volume of the plant material involved annually, 
it must be very large. 


Akaka silty clay, steep phase (25 to 60 percent slopes) (Az).—This 
steep soil of the Akaka series is on the island of Hawaii at the upper 
limit of detailed mapping for the canelands. Its small steep areas are 
intimately associated with land having slopes ranging mainly from 
5 to 15 percent. It occupies long narrow strips along the numerous 
streams that flow from the wetlands on the slopes of Mauna Kea. 
These areas are idle and covered with dense stands of guava and its 
associates, or they are forested. This soil is of limited extent and not 
important in the agriculture of the Islands. 


Akaka silty clay-rough broken land complex (15 to 40 percent 
slopes) (Ap).—This complex is mapped on Haleakala on the island of 
Maui. It consists of (a) long, narrow to moderately broad areas of 
deep soil on ridges that slope stepwise toward the ocean, and (b) inter- 
spersed areas of steep land along the streams that flow out of these 
wet regions radially from the center of Haleakala. The soil on the 
ridges is typical of that of the Akaka series. On the dissection forms 
along the streams little true soil exists, but there is either an adequate 
mantle of voleanic ash in pockets among the rocks, or enough 
weathered rock itself, to provide a foothold for the growth of plants. 
Ps seem to grow as well on one part of this complex as on the 
other. 

Characteristic of this complex is the stepwise descent of the ridges 
from the mountain to the sea. Gently sloping or sloping land may be 
abruptly replaced by slopes of 15 to 40 percent that continue for a few 
hundred yards before they are replaced by another stretch of gently 


HYDROL HUMIC LATOSOLS 423 


sloping land. This steplike topography apparently results from 
unevenness of the underlying relatively young lavas. 

The entire complex is forested, except for a small narrow belt near 
the lower limit, which is in pasture. This complex probably is best 
used for water reserve and forest. The pasture on it is low both in 
dry matter and in palatability. The forage is inferior for fattening 
cattle. 

UNDIFFERENTIATED UNITS 


Areas dominated by Akaka soils, with or without barren bedrock 
outcrops, that are so shallow to bedrock that establishment of one or 
more series is not justified, were mapped as undifferentiated units. 
One or more of the horizons typical of the Akaka series is generally 
absent. These shallow areas were mapped in reconnaissance, so no 
attempt to differentiate among soils at the series level was made. 
The two undifferentiated units mapped are described on the following 
pages. 

Akaka family, very shallow phases (Aa).—This unit occurs on the 
islands of Maui and Hawaii in association with soils of the Akaka 
serles. It consists of soils mostly 4 to 12 inches deep that do not have 
many bedrock outcrops. The soil mantle is almost continuous. 
Although only occasional outcrops occur, many loose stones are on the 
surface and in the soil mass. The soils represent areas in which the 
deposit of voleanie ash is thin over relatively young lavas. The 
underlying bedrock is but little weathered. 

The soil profile in most places consists of a distinct A, horizon of 
brown, soft, wet and mushy, partly decomposed organic matter 
derived from the ohia lehua-tree fern forest. This organic material, 
very strongly or extremely acid, is underlain by a 4- to 7-inch layer of 
dark-gray or dark grayish-brown weakly granular smeary silty clay 
loam having a pH that is generally between 4.0 and 5.0. This silty 
clay loam may rest directly on slightly weathered bedrock, but in the 
deeper pockets it is underlain by a few inches of yellowish-red, very 
smeary, crumb-structured silty clay loam that is commonly weakly 
mottled with gray at the contact with the underlying rock. The pH 
of this deeper silty clay loam layer is generally slightly higher than 
that of the A;. The unconformable lava bedrock may be practically 
ERAN or it may have a thin weathered crust that is too thin to 
sample. 

Where these soils overlie Aa lava, loose stones are numerous on the 
surface and in the profile; where they overlie Pahoehoe lava, the sur- 
face is less stony and thé average soil depth is generally less. "The 
greater part of the area on the island of Hawaii overlies Pahoehoe lava. 

Very little of the unit is used for either crops or pasture. Near 
Glenwood, there are a few vegetable gardens. Where the land is 
pastured, Hilograss is dominant but ricegrass is common. The 
forage is low in quality but high in total amount. In most places this 
land is probably best used for forest and as a water reserve. 


Akaka family, very shallow phases—Aa lava complex (An).— This 
complex is comparable to the Akaka family, very shallow phases, but 
it overlies Aa lava, which is rough and broken. Bedrock outcrops 
occupy a very large part of the total area. The soil extends more 
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deeply into pockets than in the Akaka family, very shallow phases, 
mapping unit; and the degree of rock outcrop is much greater. The 
soil profile consists of the typical A, horizon over an A, horizon typical 
of the Akaka series. The A; may rest directly on bedrock or may 
overlie a B horizon similar to that of the Akaka serics. The B 
horizon, where present, occurs in cracks in the underlying bedrock. 

Trees root more deeply among the rocks of this complex than on the 
Akaka family, very shallow phases, and the forest appears to be 
making somewhat better growth. This rocky complex is completely 
unsuited to cultivation, and when used for pasture it produces large 
amounts of forage of very low quality. The best use appears to be for 
forest or water reserve. 


HUMIC FERRUGINOUS LATOSOLS 


The outstanding characteristic of the Humic Ferruginous Latosols 
is a concentration of heavy minerals in the upper part of the solum. 
The profile consists of a thin A, horizon, a massive to crumb-structured 
Ae horizon that is very high in bulk density, and a B horizon, like 
that of the Humic Latosols, which grades to highly weathered parent 
material. 

Siliea, bases, aluminum, and iron in the more easily weathered 
primary minerals have been removed, and iron and titanium in 
resistant secondary minerals have been concentrated in the soil 
profiles. The minerals remaining are commonly magnetite, anatase, 
and ilmenito. 

These soils occur on all of the islands surveyed except Hawaii at 
elevations ranging from sea level to 4,000 feet. The annual precipita- 
tion ranges from 25 to 150 inches. The relationships among the five 
soil families of this group are given in table 17 in the section on Rela- 
tionships Among Soils of Hawaii. The suitability of the component 
mapping units for mechanized agriculture is given in table 67. 


SOILS OF THE MAHANA FAMILY 


Soils of the Mahana family occur in the driest regions oceupied by 
Humie Ferruginous Latosols. They are found on the islands of 
Kauai, Lanai, and Oahu at altitudes ranging from 500 to 3,000 feet. 
The annual precipitation ranges from 25 to 45 inches per year. 
These soils are entirely in vegetation zone B as defined in the section 
on Soils and Vegetation. Their relationships to other soils of the 
Humic Ferruginous Latosol group are shown in table 17. 

Although the family occurs in a relatively dry region, silica and 
bases have been lost and iron and titanium have been concentrated 
in the upper part of thesolum. The average composition of Hawaiian 
lavas shows almost 50 percent of SiOz, 14 percent of Fe,Os, 14 percent 
of Al,O;, and about 2 or 3 percent of TiOz, but in the upper part of 
these soils the silica has been reduced to about 10 or 12 percent, 
alumina remains near 14 or 15 percent, and in contrast, Fe;O, has 
been increased to between 35 and 50 percent and titanium to between 
10 and 15 percent. To some extent, aluminum must have been lost 
with the silica, for the concentration of alumina remains so near that 
of the original rock. The concentration of iron and titanium is 
characteristic of soils of the Humic Ferruginous Latosol group. In 
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the Mahana family, the horizons in which iron and titanium are con- 
centrated are not massive as they are in the soils of the Naiwa family. 

It will be noted that table 17 gives a very wide range of pH for 
soils of the Mahana family. This results because of difference in 
pH on two islands. On the island of Lanai, pH values for these soils 
are generally above 6.0 throughout the solum, but on the island of 
Kauai the values reported for the few determinations made indicate 
pH values near 4.5. These soils show a correspondingly great differ- 
ence in base saturation between the two islands. Nevertheless they 
occur in similar climatic zones on the two islands, and their appearance 
is similar. Possibly differences in age of the soils on the two islands 
account for the differences in pH. and base saturation. 


The differences were not noted until chemical analyses were made 
available by the University of Hawaii after the survey was completed. 
Because the number of samples from both islands available for 
determination is limited, one cannot be sure whether or not these 
large differences of pH are consistent. Data obtained by use of indi- 
cators in the field consistently showed high pH values on the island of 
Lanai. On the island of Kauai, pH as determined by indieators, 
was commonly somewhat lower in the surface 2 or 3 inches than was 
observed on Lanai, but in horizons below that depth pH. values were 
also slightly above 6.0. Thus, it would appear that considerable 
variation in pH may occur within areas of these soils on the island of 
Kauai. These variations were not delineated when the survey was 
made and, consequently, could not be recognized as another kind of 


soil for this report. 
USE AND MANAGEMENT 


The greater part of the area occupied by soils of the Mahana family 
is used for pasture. On the island of Oahu the soils occur in inacces- 
sible places on the Waianae Range. They were at one time partly 
used for the production of pineapple but are now retired to grazing, 
On the island of Lanai they occur within the pastured area, but at the 
time of survey plans were being made for incorporating part of them 
in the pineapple-producing area. On the island of Kauai, the greater 
part of the total area is in forest or pasture, but some cane is produced 
on these soils at the upper margin of the Kekaha canelands and 
above Makaweli. 

Little information is available as to the nutrient status of these 
soils. The chemical analyses available indicate a wide variation in 
nutrients among different areas. It is probable, however, that these 
soils generally are better supplied with bases than most soils of the 
Humic Ferruginous Latosol group. On the island of Kauai, at least 
some of the areas, particularly those near the upper limits of the 
series, are very low in bases. The pH values determined by indicators 
on Oahu and on Lanai and in most places on the island of Kauai, how- 
ever, indicate the base saturation is relatively higher than that of other 
Humie Ferruginous Latosols. 

The cation-exchange capacity is relatively low compared to that 
of most soils receiving similar rainfall. The data available indicate 
a capacity of 25 or 30 milliequivalents per 100 grams in the surface 
layer where organic matter is most plentiful, but below that layer it 
is commonly between 10 and 20 percent. Because there appear to 


TABLE 67.—Suitability and physical limitations of soils of the Humic Ferruginous Latosol group for mechanized agriculture 


Sorts WELL SUITED to MECHANIZED AGRICULTURE 


Soil family and mapping unit Slope Erosion Loose stones pees Principal physical limitations 
Humic Ferruginous Latosols, gently sloping phases: Percent Inches 
Mahana silt loam, gently sloping phase_.._________ 3- 8 40+ | None. 
Mahana silt loam, eroded gently sloping phase_...__ 3- 8 40+ Do. 
Naiwa silt loam, gently sloping phase-------------- 3- 8 40+ Do. 
Naiwa silt loam, eroded gently sloping phase _______ $- 8 40+ Do. 
Naiwa silty clay loam, gently sloping phase-.____._ 3- 8 40+ Do. 
Halawa silty clay, gently sloping phase 3- 8 404- Do. 
Haiku silty clay, gently sloping phase- --.......... 3- 8 404- Do. 
Haiku silty clay, gently sloping phase—Uaoa silt | 3- 8 40+ Do. 
loam complex. 
Pauwela silty clay, gently sloping phase____.-..._. 3- 8 |..... Wis ocsees loess Di NNNM 40— Do. 
Pauwela silty clay, gently sloping phase—Uaoa silt | 2-10 |..... MOL see AE LS ro ER 40+ Do. 
loam complex. 
Puhi silt loam, gently sloping phase- -------------- 2- 8 40-- Do. 
Manana silty clay loam, gently sloping phase_______ 3- 8 40+ Do. 
Kolekole silty clay loam, gently sloping phase. ..... 2- 8 40-F Do. 


Boins 


MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 


Humic Ferruginous Latosols, sloping phases: 
Mahana silt loam, wind eroded phase._..._________ 
Mahana silt loam, eroded sloping phase_.._________ 


Naiwa silt loam, eroded sloping phase. 
Halawa silty clay, sloping phase. ..... 
Haiku silty clay, eroded sloping phase. 
Puhi silt loam, eroded sloping phase... 
Kolekole silty clay loam, sloping phase 
Humic Ferruginous Latosols, rolling phas 


Haiku silty clay, eroded rolling phase__..._._._.___ 


Manana silty clay loam, eroded rolling 


3-10 Severe. ...... Few......... 

5-15 |..... dose ed iacaa Di NN 

MEN 8-15 |.....do.............do....... 

dns px ee e 8-15 Moderate_-___/.....do_..-_-- 

oc 8-15 Severe. cii LosssdOzicln54 

Se aoa! 5-15 |.....do.............do....... 

m HS 5-15 Moderate ....|.....do...... 
es: 

| 90-18 Severe. ......|..... dO. os 

phase....... | 5-15 |... do__.-.-/- 22 (oy eee 


Uneven slope. 
Do. 


Ha 


N 
© 


"TOS 


TIVMVH 40 AYOLINYAL AO AWAHS 


Humic Ferruginous Latosols, phases undifferentiated: 
Naiwa silt loam, phases undifferentiated..______._- 
Halawa silty clay, phases undifferentiated..___._.__ 
Kunuweia stony silt loam, phases undifferentiated. - 


40+ 


40+ 


Slope, mainly. 
F D 


o. 
Slope and stoniness. 


Sorts PooRLY 


TO MECHANIZED 


Humic Ferruginous Latosols, very severely eroded or | 
moderately steep phases: 
Mahana silt loam, severely eroded phase___________ 


Naiwa family, severely eroded phases___..._______. 
Haiku silty clay, eroded moderately steep phase. ... 
Haiku family, severely eroded phases... ........... 


Puhi sit loam, severely eroded moderately steep 
phase. 

Manana silty clay loam, eroded moderately steep | 
phase. 


| Very severe... 


| 
| Bevere-...... 


Very severe erosion, stoni- 
ness, slope. 
Do. 
Stoniness, strong slope. 
Very severe erosion, stoni- 
ness, slope. 
Very severe erosion, stoni- 
ness, strong slope. 
Stoniness, strong slope. 


Sorus Very PooRLy Surrep ok Unsurrep To M 


ECHANIZED AGRICULTURE 


Humic Ferruginous Latosols, steep or hilly eroded: 
Haiku silty clay, eroded hilly and steep phases... 


Severe. ...... 


40+ 


Uneven and steep slopes. 


S'IOSOLVi SQONTIONYUEE JINNAH 
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be few primary minerals in the solum that carry bases, these low 
exchange capacities would indicate a relatively low reserve of bases, 
and the observed variations in pH may result from differences in 
vegetation or in land use on soils of relatively low buffer capacity. 
Data on availability of phosphorus are lacking, but the soils may be 
presumed to be low in available phosphorus, as are other soils of similar 
climatic zones. 

The organic matter in the soil is comparable to that in soils of the 
Lahaina family of the Low Humic Latosol group; and on that basis, 
reserve supplies of nitrogen may be presumed to be moderate. It is 
known that intensive nitrogen fertilization is required under con- 
tinuous cropping on the canelands of Kauai. 

These soils occur in a climatic zone where irrigation is required for 
production of sugarcane. Pineapple is produced in this same zone 
by using mulch paper and spraying with soluble iron salts for control 
of iron deficiency. It is probable that fertilizer requirements for both 
crops are higher on these soils than on soils of the Lahaina family, but 
other management practices would be presumed to be similar. 

Pastures on these soils are seasonal. Less than 1 inch of rain per 
month falls during 1 to 3 months of the year, and the average monthly 
precipitation is less than 2 inches per month during 5 to 8 months of 
the year. Average precipitation is less than 3 inches per month 
during 6 to 10 months of the year, and only 1 to 2 months receive 
more than 5 inches. Thus, the seasonal growth of forage is similar 
to that on soils of the Lahaina family. The vegetation is made up 
of many kinds of shrubs, grasses, and herbs. Piligrass makes its 
best growth and is a perennial in this vegetation zone. When rested 
periodically to permit reseeding, piligrass can be maintained without 
difficulty. Natal redtop is one of the most common grasses of the 
zone, and annuals constitute an important part of the ground cover. 
Bermudagrass extends into the area. Throughout the region occupied 
by these soils, lantana is a serious pest; in some places it forms 
thickets so dense that other vegetation is almost excluded. 

Pastures on these soils are highly seasonal and do not produce 
so large an amount of forage as those in wetter areas, but that produced 
is of very good quality for fattening cattle. Pasture development 
has been increased on these soils as the high quality of their forage 
has become more widely recognized. Koahaole, Guineagrass, and 
giant Bermudagrass are suitable for introduction at the various 
elevations to which they are adapted, and Rhodesgrass is generally 
well suited. 

Whether used for cultivated crops or for pasture, the use of 
machinery on these soils is becoming increasingly important. In 
table 67 the soils of this and other families of the Humic Ferruginous 
Latosols are grouped according to their suitability for mechanized 
agriculture. It will be noted that only Mahana silt loam, severely 
eroded phase, is listed as poorly suited to the use of machinery. In 
general, slopes, loose stones on the surface, and depth to bedrock 
are such that machinery can be used without difficulty. 

The siltiness of these soils makes them highly erodible. A very 
high proportion of their total area is at least moderately eroded, and 
many places are severely eroded. In pasture, it is imperative that 
a dense cover be established quickly and maintained at all times. In 
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cultivated lands, particularly those used for pineapple, it is essential 
that all operations be done on the contour and that terraces or similar 
structures be built to control runoff and erosion. Sheet erosion is 
the characteristic type of erosion in most places. The surface layers of 
the soils contain a very high proportion of silts, so during heavy rains 
erosion is extremely serious, even on moderate slopes. These and 
other soils of the Humic Ferruginous Latosol group are the most 
crodible soils of the Hawaiian Islands. 


MAHANA SERIES 


The Mahana series consists of reddish-brown soils, often with a 
purplish tinge, that oecur (1) on the plateaulike remnants of the 
northern part of the Waianae Range on Oahu, (2) on northeastern 
slopes at the higher elevations on the island of Lanai, and (3) on the 
sloping uplands of the highly dissected area between Waimea and 
Makaha Point on the island of Kauai, as well as on the upper cane- 
lands and pasturelands above Makaweli on that island.. The soils 
occur at altitudes ranging from 500 to 3,000 feet, but most of their 
area is below 2,500 feet. They receive 25 to 45 inches of rain per 
year and occur entirely in vegetation zone B. 

These are very silty soils. The silty materials consist largely 
of ferruginous or titaniferous minerals that have been concentrated 
through the loss of silica, bases, and some of the aluminum and 
iron from the original soil materials, Concentration of these heavy 
minerals in the upper part of the solum is not characterized by a 
crustlike layer as it 1s in the Naiwa soils. Mahana soils are extremely 
erodible, and a high proportion of their total area is moderately to 
vory severely eroded. 

Modal profile of the Mahana series: 


A; 0 to 3 inches, dark reddish-brown silt loam; weak medium granular 
structure; very friable when moist or dry; pH 4.5 to 6.5; roots very 
numerous. 

A: 3to8 inches; dark reddish-brown silt loam; high bulk density ; moderately 
developed medium erumb strueture; friable when moist or wet; pH. 4.5 
to 6.5; consists of silt-sized particles, many of which appear as glistening 
flecks; roots numerous. 

B 8 to 27 inches, reddish-brown silty clay loam; weak medium blocky 
structure; vory friable when moist or wot; lower bulk density than 
horizon above; may be loose in places; pH 4.5 to 6.0; roots present. 

C 27 inches +, red, brown, or gray weathered basalt or andesite that 
may be crushed between the fingers but retains original rock structure; 
this material encloses solid rock cores that increase in number with 
depth; solid bedrock mainly at great depth. 

From place to place there is considerable variation in degree to 
which the A, horizon is expressed. Tf the soil is not eroded, the A; 
is generally distinctly apparent because of its purplish cast and high 
bulk density. The subsoil varies from reddish brown to distinctly 
red, but is reddish brown in far the greater part of the area. The 
pH values range widely, as is indicated in the description of the series. 


Mahana silt loam, gently sloping phase (3 to 10 percent slopes) 
(Mp).—This is the least eroded and most gently sloping soil of the 
Mahana series. It occurs on the islands of Lanai and Kauai and 
represents the best land of the Mahana series. 
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The soil profile is essentially that described for the Mahana series. 
In cultivated areas the A» horizon is mixed with underlying B mate- 
rial, but its presence is generally made apparent by purplish aggre- 
gates in the soil mass and by the high bulk density of the entire 
plowed layer. In many places small slightly to moderately eroded 
areas are included in this map unit. On the island of Kauai a rela- 
tively small part of the total area is used for irrigated sugarcane. 
The management considered it poorer than most other canelands on 
the plantation. On the island of Lanai, most of the soil was in pas- 
ture at the time of survey, but plans were being made for extending 
pineapple production into these areas. | 

Where this soil is used for grazing, the pastures are highly seasonal. 
Piligrass is one of the most prominent species, and Natal redtop is 
common in many areas. Bermudagrass extends onto this soil in some 
places. Although the pastures are seasonal and the total amount of 
feed produced is not so large as that in wetter regions, the forage is 
highly desirable for fattening cattle. Development of pastures on 
soils like this is now emphasized more than in earlier years. 

Throughout the soil area, lantana is a serious pest, and unless con- 
trolled by mowing or other mechanical means it greatly reduces the 
carrying capacity of pastures. This soil is exceptionally well adapted 
to the use of machinery, not only for cultivation of crops but also for 
control of pests in pastures. 

Even on these gentle slopes, erosion is a serious problem. All opera- 
tions on cultivated land should be done on the contour, and appro- 
priately spaced terraces should be provided to control runoff and to 
reduce washing. Maintenance of à permanent sod cover on pastures 
is also highly important. 


Mahana silt loam, eroded gently sloping phase (3 to 10 percent 
slopes) (Mr).—This moderately eroded soil occurs in association with 
Mahana silt loam, gently sloping phase. It is probably one of the 
most extensive soils of the Mahana series. 

In most places sheet erosion has removed the À, horizon from this 
soil, and most of the A,. The B horizon is sometimes exposed. In 
most areas, however, the degree of erosion is not uniform. Small 
areas of essentially uneroded soil, with A, and A; horizons intact, 
commonly are associated with areas in which both the A, and A; 
have been removed and the B horizon has been exposed. Where the 
B horizon is exposed, a thin A; has developed in it. Locally, there 
are small areas in which the C horizon is close enough to the surface 
to be incorporated in the plow layer during normal tillage. 

The soil is used in the same way as the gently sloping phase. No 
differences could be observed between the two soils as to the apparent 
vigor of crop and pasture plants. Erosion is serious, however, because 
once the surface layers of this soil are lost, the B horizon is extremely 
subject to erosion. Then, if appropriate control practices are not 
followed, the C horizon with its included solid rock cores is soon 
exposed. 

When this soil is used for cane, particularly under irrigation, opera- 
tions are already on the contour, and the dense cover of the crop 
effectively controls washing. When used for pineapple, however, & 
large part of the soil is bare of vegetation; and, unless operations 
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are done on the contour and appropriate structures to carry water off 
slowly are provided, this soil may be expected to erode extremely 
rapidly and eventually be lost as potential cropland. Fortunately, a 
large part of the total area is in pasture that has a moderately good 
sod. Under heavy grazing, however, that sod is broken and erosion 
again becomes a serious problem, The area does not receive sufficient 
rainfall to provide the protective cover typical of the pastures in 
wetter regions. 

Most of the pastures on this soil are dominated by piligrass, Natal 
redtop, various annual grasses, and shrubs. Lantana, the most con- 
spicuous shrub, is one of the most serious pests to be controlled in 
pastures. The lay-of-the-land on this phase is such that machinery 
can be used for that purpose. Koahaole is well suited at the lowest 
elevations, and Guineagrass and giant Bermudagrass are adapted. 

This soil is valuable for pasture, although the growth is seasonal 
and the total amount of forage produced is not so great as that in 
wetter regions. The forage is highly palatable, however, and has ex- 
ceptionally high feeding value. With proper grazing management 
and the control of such pests as lantana, pastures on these soils are 
among the most valuable in the drier regions of the Islands. 


Mahana silt loam, wind-eroded phase (3 to 10 percent slopes) 
(Mr).—This severely wind-eroded soil is on the exposed northeastern 
slope of the island of Lanai where the trade winds exert their full 
force. The silty material of the surface layers has been blown into 
dunes and mounds, and among these are left a series of blowouts paved 
with fine rock fragments. The microrelief is very complex. In the 
the blowouts, only a few inches of the B horizon remains over the 
weathered, soft, rock material, but in the mounds and dunes the silt 
deposits may be several feet thick. 

At the time of survey erosion was active, but efforts were being 
made to establish various shrubs and grasses for its control. Among 
the more promising shrubs was uhuloa. In one area observed, uhuloa 
planted in association with a good stand of grasses had become 
established within 14 months. Koahaole was being used in these 
areas with apparent success, and Paspalum dilatatum was persisting 
at the higher elevations. Guineagrass appeared to be promising on 
the grass plots near this area. 

If erosion can be controlled, it should be possible to reclaim this 
soil for pasture. Pastures in this vegetation zone are highly seasonal 
and do not produce so much forage as those in wetter areas, but the 
feed is of high value for fattening cattle. At the time of survey, the 
carrying capacity was low, as only a relatively small part of the total 
area was covered with vegetation. Large areas of barren soil were 
associated with areas where grass remained and erosion was not active. 


Mahana silt loam, eroded sloping phase (5 to 15 percent slopes) 
(Mc).—In almost all places, this soil has been eroded to some extent. 
In the profile that dominates, the surface layers consists of what was 
formerly the middle or lower parts of the B horizon. In this surface 
layer a moderately well developed horizon of high organic-matter 
content has developed. The surface layer (former B horizon) rests 
on the red, brown, or gray weathered basalt or andesite parent 
material at depths of 6 to 20 inches. 
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Most of the soil occurs as small areas intimately associated with 

more severely eroded land on the Waianae Range of Oahu. Part of 
it was once used for pineapple, but because of its relative inacessibility, 
it has been abandoned for that use. This soil is now used entirely for 
grazing, 
ii This soil is at least moderately good for pasture. In most places 
the vegetation consists of piligrass, Natal redtop, and various annuals, 
but Bermudagrass occurs in several localities. Pastures in this vege- 
tation zone are superior for fattening cattle, but they do not produce 
large amounts of forage, and that produced is seasonal in distribution. 
Guineagrass is among the more promising grasses for introduction, 
and koahaole appears to be well adapted at the lower elevations. 
Every effort should be made to maintain a continuous grass sod on 
this soil to prevent further erosion. With continued erosion, the soil 
may be expected to be destroyed for use as either cropland or pasture. 
At the present time, however, this soil should be considered at least 
moderately good for grazing. 


Mahana silt loam, severely eroded phase (5 to 20 percent slopes) 
(Mr).—This is a soil from which practically all of the solum normal 
for the Mahana series has been removed. Erosion has exposed the 
soft, weathered rock that constitutes the C horizon. In the top 2 to 
4 inches of this exposed C horizon a thin layer of moderately high 
organic matter content had developed. The C horizon rests directly 
on red, brown, or gray, soft, weathered basalt or andesite that retains 
its original rock structure but can be crushed between the fingers. 
Solid rock cores occur in this material at relatively shallow depths, 
and generally such cores are scattered over the surface. The land is 
not gullied, however, and the surface is moderately smooth. 

This phase includes a high proportion of land that stil! has part of 
the B horizon, and in it there has developed a thin A, horizon of 
moderately high organic-matter content. These areas with part of 
the B horizon are more typical of the eroded sloping phase of Mahana 
silt loam. Also included are a few areas of uneroded soil too small to 
be delineated separately on the map. 

This phase occurs in small areas that are associated with the better 
soils of the Mahana series. "Where it is associated with land used for 
cane, it is commonly cropped in the same way as the adjacent soils. 
The cane, however, is definitely less vigorous on this phase than on 
the adjacent uneroded soils. 

Where this phase is used for pasture, the cover is generally patchy. 
Areas undergomg active erosion are essentially barren, but the greater 
part of the phase is covered with a thin stand consisting of piligrass, 
Natal redtop, weeds, and lantana and other shrubs. The carrying 
capacity is considerably below that of uneroded Mahana soils. The 
soil is more damaged by the droughts common in this rainfall zone, 
and its cover is less dense even during wet weather. Generally, 
erosion is active. 

Pastures on this soil can be improved considerably. The soil 
normally is stony, but this does not prohibit use of machinery for 
eradicating the lantana that commonly infests the area. Once the 
weeds are removed, introduced species such as koahaole, Guincagrass, 
or giant Berumdagrass are well adapted for planting and will produce 
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moderately large amounts of high-quality forage. With the use of 
machinery, it is feasible to make this soil valuable for pasture. It is 
particularly valuable for those ranches that depend upon the higher 
lying paddocks for fattening, for the forage on this soil is best in the 
winter months when cold weather slows growth in the upland pastures. 


SOILS OF THE NAIWA FAMILY 


Soils of the Naiwa family are the Humic Ferruginous Latosols 
having the most pronounced concentration of heavy resistant minerals 
in the upper part of their solums, ‘They occur on the islands of Maui, 
Molokai, and Oahu at altitudes of 250 to 4,000 feet, but the greater 
part of the arca is below elevations of 2,500 feet. The areas on 
Kauai and Maui that occur above 2,500 feet should be considered 
inclusions in the family, as should the areas on Molokai that occur 
above 2,500 feet. 

Most soils of the Naiwa family receive 45 to 80 inches of rainfall 
per year; but locally on the islands of Maui and Molokai they extend 
into a zone that receives as little as 35 inches. These places receiving 
such low rainfall may be considered as inclusions in the family. 

Soils of the Naiwa family occur principally in vegetation zone C, as 
defined in the section on Soils and Vegetation, but at the higher 
elevations on the islands of Kauai and Molokai they extend into 
vegetation zone D;. The relationship of these soils to other Humic 
Ferruginous Latosols is given in table 17. 

Profiles of soils of the Naiwa family are unique among the soils of 
Hawaiian Islands in having striking development of a massive crust- 
like layer of heavy minerals at the surface. Usually that layer is not 
cemented in the sense of the laterite ironstone deseribed in the litera- 
ture. Jt is unconsolidated but is composed of silt-sized particles so 
tightly packed as to resemble a semicemented layer. This tightly 
packed material may be broken with the fingers and erushes moder- 
ately easily when moist. 

The chemical properties of these soils are as striking as their profiles. 
Data presented by Sherman in the section on Physical and Chemical 
Properties of Soils indicate that these soils have been very highly 
depleted of bases, silica, and alumina and that there has been a con- 
sequent concentration of iron and titanium in the upper parts of the 
solum. Considerable variation has been found within the family as 
mapped, but near the middle of the region they oecupy, the following 
values hold for the upper horizon: (2) silica, which constitutes roughly 
half of the composition of original lavas, has been reduced to less than 
10 percent of the total mass; and (6) alumina, which averages near 
14 or 15 percent in the original lavas, constitutes roughly 10 percent 
of the soil mass in most places. The percentage of alumina in the 
soils is not greatly different from that in the original lavas, but it 
should be much higher than that in the original rock if none had been 
lost. Calculations for one profile, using the titanium in the C horizon 
as a constant, indicate that the alumina remaining represents only 
2 to 4 percent of the original mass of the parent rocks. 

Data were not available on the amount of bases present, but they 
are known to be extremely low, probably only a few percent in com- 
parison with 20 percent in the original rock. Iron, on the other hand, 
commonly constitutes 40 to 80 percent of the present soil mass, in 


434 SOIL SURVEY OF TERRITORY OF HAWAII 


Taste 68.—Key, modal profile, and environment 


| 
| Modal profile 
Horizon Color (dry) i { 
] 
| ry i 
Key Series Range in depth i 
(De to— ‘Texture d 
BE ———— " 
sym- Name Munsell 
bol | Upper | Lower 
limit limit 
| 
A. Red silty soils: Inches | Inches 
Ag e | 2-4 JOR 34-34___| Silt loum...... 
IBN. | 50 10R 343/6 
1. Without iron | Naiwa..( 75% 5-10; 8-14 =| OR 3/646 
conei. B 8-14 | 18-24 -| 10R 4/0-4/8. 
i| Ci 18-24 | 30-45 | Red fine sandy loam containing gray, weathered, 
IU Os 80-45 |_.___-_. Gray, soft, weathered trachyte or andesite grading 
EVI R i 3- 6 | Very dark 1OR 2/2 ..] Silt loam.. 
brown. | i 
2. With iron con- | Kunu- |] ^ 3- 6 9-14 De reddish 5Y 3/3-3/4... Gravelly silt 
GERE: po Metis || B | 934 210 | Reddish brown.| 5Y 48-44... Silty clay 
| | | oam. 
| io 21-30 |... -| Highly weathered rock retaining original rock 
i if Ar |--- |. 6-12] Dark reddish SYR 3/2-8/3.| Silty clay... 
f | brown, 
| Ba 6-12 | 12-18 | Yellowish red SYR 4/6-5/6_| Silt loam------ 
i | to red. 
B. Yellowish-red | Halawa. | Bo 12-18 | 24-36 |..... do...........| B YR 5/8 Silty clay. .... 
silty clay soils. | -2.5 YR 
| 3/6. 
i O 24-36 | 36-60 | Brown, yellow, and gray, soft weathered rock. - 
| Cy 36-00 pe Increasing amounts of unweathered rock cores 
i i 


comparison with 13 to 15 percent of mass of the original rock. Titan- 
ium oxide may account for as much as 20 to 30 percent of the upper- 
most layers, in comparison with average values for the rock of about 
2 or 3 percent. 

The cation-exchange capacity of these soils is very low. In some 
of their horizons it is as little as 3 or 4 milliequivalents per 100 grams. 
In the topmost layer, where organic matter is concentrated, values in 
the neighborhood of 25 to 40 milliequivalents per 100 grams have 
been reported. Silica-sesquioxide ratios are generally very low. For 
some samples the unbelievably low value of 0.16 is reported. 

It may be seen that these are the most highly leached soils of the 
Hawaiian Islands. Only the most resistant minerals remain in the 
upper part of the solum. In the field, this concentration may be 
detected by the purplish cast and extremely high bulk density of the 
surface layers. The soils are very low in native fertility; and except 
for organic matter, the surface layers are very inert. Table 68 shows 
the relationships among soil series of the Naiwa family. 

USE AND MANAGEMENT 


Poorer growth is apparent wherever cultivated erops extend into 
areas occupied by soils of the Naiwa family. This contrast in crop 
growth is striking on the island of Molokai where the pineapple lands 
extend from the Lahaina soils into the areas of Naiwa soils. Most of 
the area occupied by soils of this family is used for grazing. A con- 
siderably greater pàrt was once used for pineapple, but large areas 
have been retired because of low productivity caused partly by the 
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of so3l series of the Naiwa family 


Modal profile—Continned Environment 
Consistence Yearly Vege- 
Structure ae eis | Volumn weight pH | Island rain- | Elevatlon | tation 
(mois i fall zone 
| Inches Feet 
Moderate me- Very friable....., Moderate.......] . 5-6. 
dium granular. 
Massive... Very heavy 


Maui...| 35-80 | 250-1,000 | Ci. 
Molokai} 35-80 | 250-3,500 | C1, Di. 
Oahu...| 40-60 | 500-1,500 | Dr. 


Weak fine b. 

Moderate fine 
blocky. 

soft rock fragments__-..-.----_.------ 

to unweathered bedrock at 6 to 20 feet 


Moderate me- Very friable... .. 
dium granular. | | 
Massive__._------ | Hard. uou | Very heavy... .. je 045 
Kauai.) 60-80 |3, 500-4, 000 | Ds. 
Weak erumb.....| Friable__...----- Moderate....... 14. 0-4. 5 
structure 
Strong medium | Friable. 
granular. 
Weak fine crumb.| Very friable ....| Verylight |... 4. 0-5. 5 
. n E. = Maui...| 40-80 | 600-2,000 | Ci. 
Mode | Friable..........| Moderate....... 4.0-5.5 |HNfolokai| 40-80 | 500-1,700 | Cr. 


grading with depth to solid bedrock below 8 fee: 


naturally low fertility of the soils and partly by the elevations at 
which they occur. 

The native fertility of the soils is low. The mineral fraction of the 
surface layers generally has a low cation-exchange capacity, but organ- 
ie matter in those layers may bring the exchange capacity up to 25 
or 30 milliequivalents. Exchange capacity decreases with depth 
because organie-matter content decreases with depth, but when the 
C horizon is reached the exchange capacity increases appreciably. 

"Throughout most of the region these soils occupy, the percentage of 
base saturation also is low, about 10 to 30 percent in most places. 
This base saturation correlated with pH values generally below 5.0. 
In a few areas that may be regarded as inclusions, the base status is 
more nearly comparable to that of soils of the Mahana series, in 
which pH values are generally above 5.0 and are commonly near 6.0. 
These areas with » pH above 5.0 are almost invariably in the driest 
parts of the region occupied by soils of the Naiwa family. 

One would expect available bases to be extremely low in these soils. 
This is borne out by data from the plantations on the island of 
Molokai. Replaceable potassium in these Naiwa soils averages about 
one-third that in the adjacent soils of the Lahaina series. Available 
phosphorus, as determined by rapid chemical methods, was extremely 
low. "Total nitrogen, on the other hand, was two to three times that 
on the adjacent Lahaina soils. Under continuous cropping, however, 
intensive nitrogen fertilization is necessary for soils of the Naiwa family. 

In cultivated fields organic matter constitutes 4 to 6 percent of 
the plowed layer of soils of the Naiwa family, in comparison with 1% 
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to 3 percent in soils of the Molokai series. Limited data indicate that 
soils of the Naiwa family have extremely high capacity to fix phos- 
phorus. All chemical data available point to very low native fertility 
for soils of this family. 

No sugarcane is now produced on soils of the Naiwa family. A 
limited acreage at the lower elevations receiving the lowest rainfall 
of the family is used for pineapple. Mulch paper is used to conserve 
moisture, and the crop is sprayed with soluble iron salts to correct 
iron deficiency. ‘The rest of the area occupied by these soils is used 
for pasture. 

Soils of the Naiwa family are in the climatic zone generally most 
favorable for pasture. They are intermediate between the dry regions 
at lower clevations and the cooler, wetter regions at higher elevations. 
The rainfall is usually adequate for year-round growth of various 
permanent, sod-forming grasses. The average monthly precipitation 
is less than 2 inches per month for only 1 to 3 months of the year. It 
is less than 3 inches per month for 3 to 7 months of the year, but is more 
than 5 inches per month for 5 to 6 months of the year. Although the 
soils are subject to appreciable seasonal variation in rainfall, they are 
not subject to the prolonged dry periods characteristic of areas 
occupied by soils of the Lahaina and Molokai families. 

Bermudagrass—the basic grass over most of the area in which soils 
of the Naiwa family oceur—provides forage of good quality and will 
stand heavy and continuous grazing. On the steeper slopes and 
eroded soils, yellow foxtail and ricegrass are prominent and provide 
relatively poorer forage than the Bermudagrass. At the highest 
elevation, rattail is an Important constituent of the plant association 
and Natal redtop is a short-lived perennial. The paspalum species 
and kikuyu are well adapted, and so are the large tropical species such 
as Napiergrass and Guineagrass. Koahaole is adapted at the lower 
elevations. 

The grasses suitable for soils of this family provide relatively 
large yields of forage that is high in quality for fattening cattle. 
Yields are not believed to be so great as on more fertile soils in the 
same climatic zone, but data to substantiate this belief are not avail- 
able. Guava and, in the lower lying parts of the area, lantana are 
serious pests in all pastured areas. If the land is adapted to the use 
of machinery, these can be controlled by periodic mowing. 

These soils are extraordinarily subject to severe sheet erosion. 
Even on relatively gentle slopes, the soils erode seriously if not pro- 
tected by vegetation. Erosion is not scrious in well-managed pasture 
lands, but its control in areas used for pineapple is one of the most 
difficult problems of management. From the eroded condition of 
many of the arcas retired from pineapple, one may judge that erosion 
was an important factor contributing to their abandonment. 

In table 67 soils of the Naiwa family, are classified according to 
suitability for mechanized agriculture. It will be noted that only 
one unit of the family is poorly suited to the use of machinery. 


NAIWA SERIES 


The Naiwa series may be considered the modal series of the Humic 
Ferruginous Latosol group. It occurs on the islands of Maui, Molo- 
kai, and Oahu at altitudes of 250 to 3,500 feet and it receives an 
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annual precipitation of 35 to 80 inches. It occurs mainly in vegetation 
zone Cy, but on the island of Molokai an inclusion extends slightly 
into vegetation zone D;. This series has the most highly developed 
soil profile of the Humic Ferruginous Latosols in Hawaii. 

Modal profile of the Narwa series: 

A, Oto 3 inches, dark-red silt loam; moderate medium granular structure; 
very friable; moderate volume weight; pH 4.5 to 6.0; roots numerous. 

As 3 to & inches, dark-red (purplish tinge) silt loam; massive; very firm or 
firm to break but may be crushed with the fingers to a silty powder 
when dry or moist; pH 4.5 to 6.0; few roots; very high volume weight. 

A, 8 to 11 inches, red silt loam similar to A» but has a weak fine blocky 
structure and not so high a volume weight. 

B 11 to 21 inches, red silt loam; moderate to weak fine blocky structure; 
loose or very friable when moist and nonplastic when wet; pH 4.0 to 5.5; 
few roots present. 

Bz or ©, 21 to 36 inches, red fine sandy loam or silt loam containing gray, 
yellow, or brown weathered rock fragments that retain their original 
structure but may be crushed between the fingers; pH 4.0 to 5.5. 

C, 36 inches +, light-gray, yellow, and brown soft weathered andesite, 
basalt, or trachyte that retains the original rock structure and encloses 
solid rock cores; bedrock lies at depths of 8 feet or more in most places. 

It is difficult to find a cultivated area with a profile that has not 
been eroded. All operations necessary in pineapple production 
should be done on the contour, even on the most gentle slopes. The 
use of terraces and other mechanical structures for control of runoff 
is highly important. 

Erosion on these soils follows a uniformly characteristic pattern. 
The A, horizon is first removed by sheet erosion. Then the rate of 
erosion is retarded by the massive silty A, horizon, which is eventu- 
ally cut through by small rills. Once the A; is broken, the B horizon 
is quickly removed, almost as a uniform sheet. The gray, weathered 
rock material below the B is then exposed. 

In eroded areas the typical landscape consists of areas eroded down 
to the weathered bedrock, and among them isolated remnants where 
the massive A, horizon remains and protects the underlying loose B 
horizon. In some places this A, horizon is so rich in titaniferous 
minerals that it could be used as an ore for that metal. 

Development of the A, horizon is variable from place to place. 
Generally, it is most massive in eroded areas, where it has been 
exposed to alternate wetting and drying. Under forest it is less firm 
in place. The B horizon is generally a silt loam, but in some areas it 
might be classed as a silty clay loam. Near its junction with the 
parent rock, the B horizon is gritty and has the feel of a fine sandy 
loam in most places. This material of both the B and C, horizons is 
generally loose in place and very low in bulk density. When this 
loose material dries it has a roughly blocky structure, but when wet 
its structure is very poorly defined. Complete undisturbed profiles 
are difficult to find. In most places the soils have been either culti- 
vated or eroded, and in either event the massive character of the A, 
has been destroyed. A few areas under undisturbed stands of timber 
have been found. 

Five units of the Naiwa series have been mapped. These consist 
of: (a) two types and their various phases, which were mapped in the 
detailed survey, and (6) one undifferentiated unit of the silt loam type 
which was mapped in the reconnaissance survey. 
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Naiwa silt loam, gently sloping phase (3 to 8 percent slopes) (NH).— 
This phase is made up of the most gently sloping uneroded areas of 
Naiwasiltloam. It occurs on the islands of Molokai and West Maui. 
The soil profile is essentially that described for the Naiwa series. 

The greater part of this soil is used for grazing, but on the island of 
Molokai pineapple production extends onto it, and on Maui à con- 
siderable part of it was once used for that crop. Pineapple is pro- 
duced by using mulch paper, and sometimes soluble iron salts are 
used for control of iron deficiency. 

Data from the pineapple plantations indicate that this soil, as well 
as other phases of Naiwa silt loam, is very low in available phos- 
phorus, low in available potash, and medium in total nitrogen. The 
plantations apply nitrogen and phosphorus at rates comparable to 
those used for soils of the Molokai family, but use considerably more 
potassium per acre. Use of iron sulfate sprays was reported to be 
necessary only near the lower elevations for the soil type. Yields 
were recognized to be distinctly inferior to those obtained on the 
adjacent soils of the Lahaina family. 

In pastured areas Bermudagrass is dominant. Paspalums and 
kikuyu are well adapted for introduction, however, and so are the 
tall forage grasses such as Napiergrass and Guineagrass. The soil 
apparently produces a large amount of forage, and it must be con- 
sidered one of the better grazing soils on the Hawaiian Islands, in 
spite of low content of plant nutrients in the forage. The ranchers 
on Molokai report that the type of forage this soil produces is excellent 
for breeding stock and growing calves, but not so suitable for fattening 
cattle. The soil furnishes year-round pasture of relative high carrying 
capacity, but at the time of survey much of it was infested with guava 
that materially reduced its grazing value. 

The soil is deep and nonstony and occurs on gentle slopes that 
permit use of machinery for controlling guava and other shrubs that 
tend to infest pastures. Cultivated areas also are well suited to 
machinery, but contour cultivation, stripcropping, use of adequate 
terraces, or other suitable precautions against erosion should be taken. 
This is one of the most erodible gently sloping soils in the Hawaiian 
Islands. 


Naiwa silt loam, eroded gently sloping phase (3 to 8 percent slopes) 
(N¥F).—This is the moderately to severely eroded analog of the gently 
sloping phase of Naiwa silt loam. It is essentially a truncated profile 
of the gently sloping phase; erosion has removed 8 or 12 inches of the 
solum. In cultivated areas the surface 10 inches is a red silt loam or 
very fine sandy loam that has a very thin film of purplish-red silt 
loam at the top. This material at the top is a remnant of the original 
A, horizon. Below this 10-inch layer there is a typical red silt loam 
B; or C, horizon containing soft weathered fragments of bedrock. 
At depths of about 15 to 20 inches the B; or C; grades to the gray, red, 
or brown highly weathered basalt, andesite, or trachyte bedrock. At 
great depth the weathered bedrock grades to solid rock. 

'The phase has been mapped to include areas in which the grayish 
weathered rock material of the C horizon is turned up in plowing. 
Large boulders or outcrops are rare. There are a few, small, angular, 
weathered fragments that do not interfere seriously with the use of 
machinery. 
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This phase occurs most commonly in cultivated areas where the 
upper two horizons have been disturbed by plowing. In uncultivated 
areas, once the A, horizon is gone, erosion soon exposes the weathered 
bedrock. Areas with exposed bedrock have been mapped as the 
severely eroded phase. 

This eroded gently sloping soil is used in much the same way as 
the gently sloping phase of Naiwa silt loam. It occurs mainly in small 
areas associated with that phase, and neither the planters nor ranchers 
differentiate the two in their plans for land use. 

Comparative yield data from the pineapple plantations were not 
available, but available chemical analyses indicate that this eroded 
phase is lower in total nitrogen but higher in available phosphorus 
and potassium than the uneroded phase. The plantation management 
considers this phase as productive as the uneroded phase, but recog- 
nizes that it is subject to much more severe erosion in its present 
condition. 

All operations on this soil should be done on the contour, and 
structures such as terraces should be provided for control of runoff. 
This is one of the most erodible soils on gentle slopes in the Hawaiian 
Islands, 

Most areas of this soil not used for cultivated crops are idle and 
infested with dense stands of guava. Bermudagrass and Natal 
redtop are among the more common grasses found on unimproved 
pastures, but ranchers report that the carrying capacity can be in- 
creased greatly by introducing such grasses as the paspalumsor kikuyu. 
Kikuyu is particularly effective in controlling erosion and establishes 
itself more quickly than the paspalums. The forage produced is 
excellent succulent feed for breeding stock and growing calves, but 
is not so well suited to fattening ‘cattle. Pastures furnish year- 
round grazing, and if grazing is properly controlled and appropriate 
grasses are introduced, they should have a carrying capacity as high 
as those on the uneroded phase. This eroded soil is well adapted to 
use of machinery for eradication of guava. 


Naiwa silt loam, eroded sloping phase (8 to 15 percent slopes) (N G).— 
Most of this soil is at least moderately eroded, even in areas that 
have never been cultivated. In most places the present soil profile 
is a truncated profile of Naiwa silt loam; that is, 8 to 12 inches of 
the original solum has been removed by erosion. 

The surface 3 or 4 inches of this soil, a red or dark-red silt loam or 
fine sandy loam, represents an A; horizon developed in original B- 
horizon material. The 3- or 4-inch layer is underlain by the red loose 
fine sandy loam or silt loam of the B horizon. The B horizon grades 
to red, gray, or brown soft weathered rock at depths ranging from 24 
to 30 inches. 

This phase has been mapped to include areas in which small amounts 
of gray, weathered rock material of the C; horizon have been exposed 
by plowing. There are few large boulders or bedrock. outcrops; 
stoniness is confined mainly to small, angular, weathered fragments of 
rock that do not interfere seriously with cultivation. The slopes are 
such that machinery can be used with only moderate difficulty. 


Limited data from the pineapple plantation on the island of Molokai 
indicate that this soil has a slightly better supply of available phos- 
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phorus and available potassium than the uneroded soils with which it 
is associated. The differences are proabably too slight to be of sig- 
nificance. It is significantly lower in total nitrogen, however. 

This soiloceursin small areas associated with other soils of the Naiwa 
series and is used with them. In cropped areas this soil is managed 
in the same way as the gently sloping phase, although it is more 
subject to continued serious erosion and requires more intensive 
practices for soil conservation. Areas of this soil used for pineapple 
are quickly reduced to weathered bedrock unless all operations are 
done on the contour and adequate provision is made for stripcropping 
and maintenance of terraces and other mechanical structures or control 
of runoff. Gullying is not a serious problem on the phase, but control 
of sheet erosion is very important, 

Pastures on this soil produce succulent feed throughout the year, 
but in comparison with forage produced in dricr areas, the ranchers 
consider it to be of relatively low quality for fattening cattle. The 
forage is excellent for the breeding herd or for growing calves. 

Bermudagrass is the dominant native grass throughout most of the 
area, but ranchers report that the carrying capacity can be increased 
greatly by introducing paspalums and kikuyu. Kikuyu is probably 
the best adapted to this highly erodible soil because it is aggressive 
and establishes itself quickly. Guava is the most important weed on 
this soil; it covers some areas almost to the exclusion of other plants. 
This pest can be controlled by clipping the established pastures, or 
removed by machinery from those areas where it has become 
established. 


Naiwa silt loam, phases undifferentiated (3 to 15 percent slopes) 
(Nx).—This unit is within the area mapped in reconnaissance; it 
consists of the three phases of Naiwa silt loam previously described, 
with some inclusions of the severely eroded phase. The relative 
proportions of these phases vary considerably from place to place. 

The unit usually occupies narrow ridges between areas of rough 
broken land or steep rockland, and its areas are generally too small or 
inaecessible for economical cultivation. Most of them are now used 
for grazing, but a small area near the highest elevations for the series 
is used for forestry. It was particularly noted that erosion is much 
less active on these uncultivated areas than on the cultivated land at 
lower elevations. The value of this unit for grazing should be similar 
to that described for the gently sloping phase of Naiwa silt loam. 


Naiwa silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(N1).—This soil is mapped on the island of Molokai in the vicinity 
of Kalae at elevations between 1,000 and 1,800 feet. It is slightly 
heavier in texture than is normal for the series. Its profile differs 
from that described for the Naiwa series principally in being heavier 
textured throughout. In uncultivated areas, there is a dark-red 
silty clay loam Ai horizon of weak granular structure. This layer 
is much lower in bulk density than is the A, horizon which underlies it. 
The dark-red, purplish-tinged À; horizon—more nearly a silt loam 
than the horizons above or below it—is distinctly granular instead of 
massive, and when moist it can be pulverized to a soft glistening 
powder. The B horizon, a red silty clay or silty clay loam with a 
moderately well developed fine blocky structure, is friable when moist 
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and nonstieky and nonplastic when wet. The Ci and C; horizons are 
similar to those described for the phases of Naiwa silt loam. 

In most places this phase is essentially stone-free. The depth to 
bedrock and to the unweathered rock cores is generally somewhat 
greater than that for the Naiwa silt loam. This soil appears to be 
decidedly more resistant to erosion than are comparable phases of 
Naiwa silt loam; few areas with less than 8 percent slopes have been 
severely eroded. 

Land use is similar to that described for the gently sloping phase of 
Naiwa silt loam. Most of this soil lies above the cultivated land; 
the area not surveyed in detail has been included in the undifferenti- 
ated unit of the Naiwa silt loam mapped in reconnaissance. 

Rapid chemical methods indicate that available phosphorus and 
potassium and total nitrogen in this soll vary within the limits of the 
silt loam type. Yields are not greatly different from those obtained 
on the normal Naiwa silt loam, and the suitability for grazing is about 
the same. Bermudagrass is dominant in most areas, but paspalums 
and kikuyu are well adapted. As on the silt loam, guava is one of 
the most serious weeds, but it can be controlled by mowing, or the 
established stands can be eradicated by the use of heavy machinery. 
Pastures are considered to be excellent for the breeding herd or for 
growing calves but less desirable for fattening cattle than the pastures 
at lower elevations. The amount of forage produced is relatively 
high. The lower susceptibility of this soil to crosion is its significant 
difference from Naiwa silt loam, gently sloping phase. 


KUNUWEIA SERIES 


Soils of the Kunuweia series have a cemented slaglike mass of 
resistant heavy minerals in which iron concretions and iron-coated 
rock fragments are embedded. This slaglike mass is the nearest 
approach to a laterite crust observed in the Hawaiian Islands. The 
series is confined to the island of Kauai above Makaha Point. It 
occurs on sloping to nearly level land at altitudes between 3,500 and 
4,000 feet, receives an annual precipitation of 60 to 80 inches, and is 
entirely in vegetation zone Dz. 

The surface layer—a highly developed A, horizon of moderately 
developed medium granular structure-—is extremely acid and loose or 
very friable when moist. The A. is abruptly underlain by a layer of 
dark reddish-brown, purplish-tinged gravelly silt loam of very high 
bulk density. This layer is massive or cemented in place, hard when 
moist, and nonplastic when wet. Embedded in it are many iron 
concretions and rock fragments coated with ironstone. The compact 
layer is underlain by reddish-brown silty clay loam of moderate bulk 
density that generally contains iron concretions and fragments of 
slightly weathered rock that have crusts of ironstone. This layer 
grades to weathered, soft rock, which is the parent material for the soil. 

Modal profile of the Kunuweia series: 

A; Oto 4inches, very dark-brown silt loam; moderately developed medium 
granular structure; loose or very friable when moist, nonplastie when 
wet; low volume weight; pH 3.5 to 4.5; roots very numerous. 

Az 4to II inches, dark reddish-brown gravelly silt loam; massive structure; 
hard when moist and nonplastic when wet; very high bulk density; 
pieces of gravel in this layer are iron concretions; pH 4.0 to 4.5; roots 
present but not numerous. 


442 SOIL SURVEY OF TERRITORY OF HAWAII 


B 11 to 26 inches, reddish-brown silty clay loam; weak medium crumb 
structure; friable when moist, nonplastic when wet; moderate volume 
weight; pH 4.0 to 4.5; commonly contains some iron concretions similar 
to those in As; roots present. 

C 26 inches+, yellow, brown, and gray soft weathered rock that retains 
original rock strueture; weathered material encloses solid rock cores, 
which inerease in number with depth; solid bedrock occurs at great 
depth. 

Kunuweia soil oceupies relatively gently sloping areas or flats, 
especially in areas extending from Alakai swamp westward. Large 
blocks of slaglike material are scattered over the surface, but in a pit, 
the dark reddish-brown or purplish massive layer containing embedded 
ironstone concretions grades with a slight transition to the reddish- 
brown B horizon. This series is extremely acid; it probably is the 
most highly leached in the Hawaiian Islands. All of it occurs within 
the region mapped in reconnaissance, so its entire area is mapped as 
Kunuweia stony silty loam, phases undifferentiated. 


Kunuweia stony silt loam, phases undifferentiated (3 to 15 percent 
slopes) (Kx9).—The soil profile and its variations are as described 
for the Kunuweia series. All of the area is covered with the ohia-tree 
fern type of forest, and there is the usual dense ground cover of ferns, 
herbaceous plants, and vines. The land is nonagricultural and best 
used for forestry. Data on plant nutrient status are not available, 
but judging from pH values and physical properties, this unit is one 
of the most highly leached in the Hawaiian Islands and probably is 
extremely low in fertility. 


HALAWA SERIES 


Soils of the Halawa series are the finest textured soils in the Naiwa 
family. Like soils of the Naiwa series, they are extremely highly 
leached and have pronounced concentrations of heavy resistant min- 
erals in the surface layers. They contain a much higher proportion 
of clay-size particles in all horizons, however, and are differentiated 
from the Naiwa soils on that basis. They are also outstandingly 
different from soils of the Naiwa series in having the concentration of 
heavy minerals in the same part of the profile as the concentration of 
organic matter. 

These soils occur on the islands of Maui and Molokai at altitudes 
of 500 to 2,000 feet and receive an annual rainfall of 40 to 80 inches. 
They are entirely within vegetation zone Ci. 

Modal profile of the Halawa series: 


A; Oto 9 inches, dark reddish-brown silty clay; strongly developed medium 
granular structure; friable when moist, and nonplastic when wet; pH 
4.5 to 5.5; high bulk density; filled with tiny glistening particles of silt 
size; roots numerous. 

B4 9 to 15 inches, red or yellowish-red silt loam; loose, very weak fine 
crumb structure; very friable; pH 4.0 to 5.5; roots numerous; very low 
bulk density. 

Bz 15 to 30 inches, yellowish-red or red silty clay; moderately developed 
medium blocky structure; friable when moist, nonplastie when wet; pil 
4.0 to 5.5; roots present. 

B; or C, 30 to 48 inches, yellowish-red or red silty clay similar to Bs but 
containing numerous fragments of brown, yellow, and gray, soft, weath- 
ered rock. 

C» 48 inehes--, brown, yellow, and gray, soft, weathered rock that retains 
the original rock structure; weathered rock surrounds solid rock cores 
that inerease with depth; solid bedrock occurs below 8 or 10 feet. 
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The A, horizon in most places is granular and in it occurs the maxi- 
mum accumulation of heavy resistant minerals. In some places a 
well-defined massive As horizon comparable to that described for the 
Naiwa series can be differentiated, but this is the exception. The 
colors of the B horizon range from yellowish red to red. The solum 
is generally somewhat thicker than that of the Naiwa series, and it 
appears that these soils are most commonly associated with the 
basalts and andesites, whereas the Naiwa soils are usually associated 
with andesites and trachytes. The two series, however, have an 
overlapping range in kinds of rock material. 


Halawa silty clay, gently sloping phase (3 to 8 percent slopes) 
(Hx).—This deep, well-drained, almost stone-free soil is the heaviest 
textured one of the Naiwa family. It is much more resistant to 
erosion than are soils of the Naiwa series. The soil profile and its 
variations in most places are essentially those described for the 
Halawa series. 

Small moderately eroded areas have been included in mapping. 
These included areas, intimately associated with the uneroded soil, 
have lost 12 to 15 inches of the normal profile through erosion. Cul- 
tivation and accumulation of overwash from higher lying areas 
creates a 3- to 6-inch layer of dark reddish-brown granular silty clay in 
what was originally material of the B horizon. These small included 
areas have slightly more stones, but these offer little difficulty to 
machine cultivation. 

A large part of Halawa silty clay, gently sloping phase, both on the 
island of Molokai and on West Maui, was once used for pineapple. 
Practically all of this, except a few small areas, has been abandoned 
and is now used for grazing. Data from the pineapple plantation 
indicate that the few areas on West Maui still in pineapple at the time 
of survey are very low in replaceable potassium and available phos- 
phorus. In this respect, the soil is comparable to those of the Naiwa 
series. The soil is moderately high in total nitrogen but requires 
nitrogen fertilizer if cropped continuously. The pineapple plantation 
considers this soil distinctly superior to those of the Naiwa series for 
pineapple, but those areas of it on West Maui are rated definitely 
inferior to soils of the Kahana series, which occur in a similar climatic 
zone. On the island of Molokai it was reported that sprays of soluble 
iron salts were not necessary for control of iron deficiency on this soil. 
In most places pineapple is produced with the use of mulch paper, but 
it was noted that the paper was absent in some localities at the time 
the area was surveyed. 

When this phase is used for grazing, its carrying capacity varies 
widely according to the condition of the plant cover. In unimproved 
pastures guava and lantana cover much of the area and crowd out 
desirable grasses. Pastures on the island of Molokai infested with 
these shrubs were reported to have a carrying capacity of only one 
head for 10 to 14 acres. At Puuohoku Ranch, however, a part of this 
soil that had been cleared and planted to Napiergrass, paspalums, and 
kikuyu was reported to have a carrying capacity of one head for 2 
acres, or about six times the capacity of the unimproved pasture. 

This phase is well suited to use of machinery for eradicating stands 
of lantana and guava or for controlling these pests in established 
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pastures by mowing. Ranchers generally consider forage in these 
pastures excellent for the breeding herd or for growing calves, but 
inferior to that produced in drier areas for fattening cattle. 

This soil is much less subject to erosion than are Naiwa soils on 
similar slopes. In pastures erosion can be controlled effectively by 
introducing sod-forming species and practicing good grazing manage- 
ment. In cultivated areas, it is desirable that operations be done on 
the contour. The condition of areas of this soil that have been used 
for pineapple indicates that some erosion occurs on this soil, but not 
the serious amount that develops on Naiwa silt loam, gently sloping 
phase. 


Halawa silty clay, sloping phase (8 to 15 percent slopes) (Hs).— 
This phase is intimately associated with the gently sloping phase, and 
the two soils are used in exactly the same way. Nevertheless, much 
more of the total area of this soil has been moderately to severely 
eroded. Its most common profile is the normal profile of Halawa 
silty clay from which 6 to 12 inches of the original surface soil has 
been removed by erosion. This truncated profile is dominant in 
those areas that were once cropped intensively. Tn areas that have 
not been cropped, the normal profile of the Halawa series is dominant, 

A considerable acreage of this soil was at one time used for pine- 
apple, but practically all of this had reverted to pasture at the time 
this survey was made. This phase is considered slightly less produc- 
tive than Halawa silty clay, gently sloping phase, but it requires 
similar management. The plantations reported that this soil was 
extremely low in replaceable potassium and available phosphorus. 
Tt is somewhat lower in total nitrogen than the gently sloping phase 
because erosion has removed the laver highest in organie-matter 
content. For pineapple, this soil is slightly superior to Naiwa silt 
loam, eroded sloping phase, but definitely inferior to soils of the 
Kahana family. When used for pineapple, it needs mechanical 
structures, such as terraces, and contour tillage for control of runoff 
and erosion. 

The ranchers do not consider the productivity of this soil appreciably 
different from that of the gently sloping phase. Guava and lantana 
normally form dense stands that inhibit growth of desirable grasses and 
reduce the carrying capacity to between 10 and 14 acres per head. 
Several areas on the Puuohoku Ranch at the eastern end of Molokai 
were improved by planting Napiergrass, paspalums, or kikuyu; this 
treatment increased the carrying capacity about six times. 

Although this soil occupies moderate slopes, heavy machinery can 
be used to eradicate heavy stands of guava and lantana and to mow 
the improved pastures for control of these pests. Pastures are inferior 
to those in drier areas for fattening cattle but are very good for the 
breeding herd or for growing calves. 


Halawa silty clay, phases undifferentiated (3 to 25 percent slopes) 
(Hr).— This mapping unit occurs in areas mapped in reconnaissance; 
it includes the gently sloping and sloping phases already described 
and, in addition, a severely croded phase from which crosion has 
removed all of the A and B horizons and exposed layers of weathered 
soft rock. "The dominant condition is one in which 6 to 12 inches of 
the original soil has been lost and a thin A; horizon has developed in 
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what was formerly the B horizon. The dominant range of slope 
is from 5 to 15 percent, but the extreme range is from 3 to 25 percent. 

This land is now used mainly for grazing and forestry, but a small 
area was once used for pineapple. In most places this unit is on 
narrow ridges that are difficult to reach, so it probably will remain 
as grazing land. Its value for grazing is similar to that described 
for the sloping phase. The carrying capacity of unimproved pasture 
is limited because guava and lantana retard the growth of desirable 
grasses. Ranchers report that the carrying capacity of these lands 
can be increased several times by eradicating the shrubs and seeding 
desirable grasses such as kikuyu and the paspalums. In most places 
this unit is adapted to use of machinery for eradicating lantana and 
guava or for controlling them in improved pastures by mowing. 
The forage is good for the breeding herd or growing calves, but inferior 
to that produced in drier areas for fattening cattle. 


UNDIFFERENTIATED UNITS 


All of the soils of the Naiwa family are highly susceptible to ero- 
sion, and many areas are so severely eroded that there was no agricul- 
tural purpose in attempting to separate phases on the basis of slope. 
All of the areas so severely eroded as to be very poorly suited to crop 
production have been placed in the undifferentiated unit described 
next. 

Naiwa family, severely eroded phases (5 to 25 percent slopes) 
(Nx).—This unit, mapped on the islands of Molokai and Maui, in- 
cludes all very severely eroded soils of the Naiwa family. Most of 
the solum has been lost and the B; or C, horizon containing weathered 
rock fragments is exposed. 

The grayish-brown or dark reddish-brown A; horizon is 3 or 4 
inches thick in uncultivated areas; and in cultivated areas, is as 
thick as the plow layer. This horizon is moderate in organic matter 
and commonly contains some weathered rock fragments. The A, 
horizon is underlain by red, yellow, or gray, soft weathered rock that 
retains the original rock structure and constitutes the parent material 
for the normal soil of the region. In some places these soils may have 
as much as 8 inches of the red or reddish-brown friable B horizon 
between the surface layer and this soft, weathered rock. 

Erosion on these soils follows a characteristic pattern. The A, 
horizon normally erodes very quickly under poor management. When 
the A, is gone, the horizon having maximum concentration of heavy 
minerals is exposed, and it resists erosion for some time. Once this 
resistant layer is broken, the B horizon erodes very quickly, however, 
and the soft, weathered rock material is soon exposed. Most areas 
of this unit have reached the stage where the weathered rock is 
exposed. 

Where this unit is associated with the less severely eroded soils of 
the same family, it may be used for pineapple. Pineapple growing on 
it is obviously much less vigorous than on the uneroded areas. Data 
from pineapple plantations indicate that nitrogen is much lower in the 
soils of this mapping unit than in the associated normal uneroded 
soils, but that available potassium may be slightly higher. 

Unless some cover is introduced, erosion continues slowly until the 
land is reduced to a condition comparable to that of the rough broken 
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land types described elsewhere in this report. Most of this land can 
be reclaimed for pasture. It is moderately stony, but machinery can 
be used in preparing the land for pasture or for control of guava and 
lantana when pastures are established. Paspalums and kikuyu, as 
well as the taller forage grasses such as Napiergrass and Guineagrass 
are adapted to this vegetation zone. Kikuyu or other short grasses 
are generally preferred because they allow mowing for control of 
noxious shrubs. Kikuyu is probably the best for this land because it 
is aggressive and able to establish itself quickly on relatively poor 
sites. Data on the carrying capacity of this land were not available, 
but it is presumed to be somewhat less than that on the associated 
less severely eroded soils. This soil probably is best used for pasture. 


SOILS OF THE HAIKU FAMILY 


Soils of the Haiku family are Humic Ferruginous Latosols as 
strongly developed as the soils of the Naiwa family, but they have 
clayey instead of silty profiles. The difference is probably attribut- 
able to parent material, although the materials that give rise to the two 
soils intergrade. Soils of the Haiku family are confined to the islands 
of Kauai and Maui. They occur at altitudes ranging from sea level 
to 4,000 feet and are in a rainfall zone receiving an annual precipita- 
tion of 60 to 150 inches. On Maui they extend from the upper part 
of vegetation zone C, through zone D, as defined in the section on 
Soils and Vegetation, but on Kauai they are mainly in vegetation zone 
D, and extend slightly into vegetation zone Dy. 

These soils are characterized by an A; horizon that includes the 
horizon having maximum concentration of heavy resistant minerals. 
The concentration is so great that it readily can be distinguished in 
the field by the weight of the material when handled. The A, is 
underlain by a red or yellowish-red B horizon similar in its physical 
properties to the B horizons of the Humic Latosols. This material 
grades to weathered bedrock at various depths. The relationships of 
soils of the Haiku family to other soils of the Humic Ferruginous 
Latosol group are shown in table 17 in the section on Relationships 
Among Soils of Hawaii. 

Chemical data presented by Sherman in another section of this 
report indicate that soils of the Haiku family are as highly leached as 
those of the Naiwa family. Bases and silica have been reduced to 
very low levels. Silica, which averages near 50 percent of the mass of 
the parent rocks, has been reduced to values ranging from 2 to 12 
percent of the mass of the soil. Bases are very highly depleted. 
ALO;, as a percentage of the present soil mass, is about the same as the 
percentage of that constituent in the parent rocks. This represents a 
very great loss of alumina, considering the fact that the present mass is 
much less than that of the original rocks from which it is derived. 
On the other hand, Fe;O;, is near 40 or 50 percent of the total soil 
mass throughout the A and B horizons. This is in comparison with 
an average composition near 14 or 15 percent in the original rocks. 
The other major constituents, TiO, is appreciably concentrated. 
In the original rocks, it averages near 2 or 3 percent. In the surface 
layers of these soils, it is 12 to 20 percent of the present soil mass. 
Both iron and titanium apparently occur in the form of very resistant 
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heavy minerals such as anatase, ilmenite, and magnetite. Thus, the 
chemical properties of these soils are very similar to those of soils of 
the Naiwa family. 

Two soil series have been included in the family; their relationships 
are indicated in table 69. 


USE AND MANAGEMENT 


On the island of Kauai soils of the Haiku family occur in the upper 
caneland regions where rainfall is sufficient to produce cane without 
irrigation. They extend from the upper part of the canelands into 
the pastured areas, and probably two-thirds or more of the total area 
is used for grazing. On the island of Maui no cane is produced on 
these soils, but a small area is used for pineapple and a much greater 
area for grazing. A very small proportion of the Pauwela series is in 
forest reserve. Yields of either cane or pineapple are low; pastures 
produce relatively large amounts of forage when well managed, but 
the feed is of poor quality. 

The data available indicate that these soils are very low in native 
fertility. They are moderately well supplied with total organic matter 
and, therefore, total nitrogen; but under continuous cropping, inten- 
sive fertilization with nitrogen is necessary. The soils have a low 
cation-exchange capacity in spite of the fact that they contain a 
relatively large amount of clay-size particles. In those horizons 
where the most organic matter has accumulated, the cation-exchange 
capacity may be 30 or 40 milliequivalents per 100 grams, but in 
underlying layers it is commonly in the neighborhood of 12 to 15. 
In soils of the Haiku series, pH values are generally above 5.0, and 
the percentage base saturation is higher than in soils of the Pauwela 
series. In the Pauwela soils, pH values are generally below 4.5, and 
the small amount of data available indicate the base saturation 
throughout the solum ranges from 5 to 15 percent. The Pauwela 
soils therefore would be expeeted to be deficient in bases, including 
both calcium and potassium. 

Data on available phosphorus were not obtainable at time of 
survey, but soils of the Haiku family may be presumed to be low in 
available phosphorus and to have high phosphorus-fixing capacities. 
They oeeur where sprays with soluble iron salts are generally not 
necessary for control of iron deficiencies in pineapple. They are in 
regions where the amount of cloudiness is high; and for this reason 
alone, they produce less sugar than soils in drier regions. 

Sugarcane is produced on these soils without irrigation on the 
island of Kauai. Considering the large amounts of fertilizers used, 
this low productivity apparently results not so much from the level of 
fertility as from cloudiness and relatively low temperatures. 

For the pineapple-producing areas on the island of Maui, informa- 
tion on yields or management practices was not available but, during 
the course of the mapping, it became apparent that productivity for 
pineapple was low. The plants did not appear thrifty, and the fruit 
was small, On the Pauwela soils, particularly, and to some extent 
near the upper limit of the Haiku soils, there were numerous small 
areas in which the pineapple plants were cither very small or were 
dead. These were places having an exceptionally high concentration 
of the purplish, heavy, silty, resistant minerals. Soil in these small 
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Taste 69.--Key, modal profile, and environment 


Modal profile 
| = M - 
| 
Horizon Color (dry) 
Key Series Range in 
Let- depth to— Texture 
ter | —- 
gym- Name Munsell | 
bol | Upper | Lower | 
limit limit 
Inches | Inches 
Ay JL. 6-12 DE reddish BYR 3/2-3/4. 
a eddis: rown. 
xm o pem Bi | 612] 1840 | Red. | 2 R s/e- 
zons; a, table irHaku-V nyc 18-80] 30-54 | Reddish brown.| 7. Sx 2- 
Bee S 5: | 
wet. Ca 30-854 |... Gray, brown, and yellow soft weathored rock 
Unweathered andesite or basalt 10 to 50 feet below 
Grayish brown..i WYR 4/2- Silty clay..... ! 
5/2, i 
B. Grayish brown Ag 6-98 6-12 | 22-2002 22222528 10Y R 4/2- Silt loam--.--- ! 
At horizons; Pau- 5/2. 
weakly sineary wea B; 6-12 | 24-36 | Yellowish red...| 5Y R 4/8-5/8_| Silty clay.__.- | 
subsoils when E ! 
wet. Bs-Ci| 24-36 | 42-60 | .... AO enel et BYR 4/6-5/6.1..... (T — 
C2 42-60 |... Brown, yellow, and gray soft, weathered rock 
as eee | eee Ed Unweathered andesite or basalt 6 to 50 feet below 


areas characteristically has a duller brown A, horizon than is normal 
for the Pauwela series; apparently it also has a higher concentration 
of heavy minerals, a silty rather than a clayey layer immediately 
underlying the A, horizon, and a relatively thin solum. Reasons for 
these unproductive areas had not been determined at the time of 
survey. The plantations offered disease as a possible explanation. 
Nevertheless, this entire area is recognized as a problem area for 
pineapple, and a considerable acreage formerly i in that crop is now 
used for grazing. 


When soils of the Haiku family are used for pasture, Hilograss is 
most common, but on eroded or strongly sloping areas, ricegrass and 
yellow foxtail are prominent. Carpetgrass was once extensively 
planted in parts of this area but is now generally regarded as inferior 
to Hilograss for grazing. Sensitiveplant is the most widely distributed 
forage legume. Various paspalums, kikuyu, Napiergrass, and pani- 
cums are adapted, but the shorter sod-forming or creeping graases 
such as the paspalums or kikuyu are favored because they allow 
mowing the pastures for better control of guava and other noxious 
shrubs. "The forage produced on soils of the Haiku family is poor for 
fattening cattle but suitable for the breeding herd, for growing calves, 
or for feeder cattle that will be finished in drier areas. 


Considering the generally low fertility level of these soils, it appears 
that pasture Tertilization would improve tho stand, yield, and quality 
of the forage. Fertilization is not generally practiced on these soils, 
however, and experimental data on their response to fertilizers are 
lacking. Fertilizer applied to soils of the Humic Latosol group under 
similar climatic conditions has improved yield, but the economic 
return of such fertilization has yet to be demonstrated. The large 
forage grasses respond greatly to nitrogen fertilization. 
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of soil series of the Haiku family 


Modal profile—Continned Environment 
" B i 


Consistence Vege- 


Structure (moist) Volume weight pH Island rum Elevation tation 
Inches Feet 
Strong medium Friablo.......... 
granular. 
Moderate | 


60-100 | 200—4,000 | Di, D». 


medium bloeky. 
50-100 0-1,000 | Di, Cy. 


As horizon Bs but with soft weathere 


that retains the original rock structure...._..-____.___-------------| 
poccbic c 


Strong medium Friable_____---.- Heavy.. PENN 4.5-5.5 | 
granular. 

Massive__.--.----|--_.. dee suce Very beavy--..- 4.5-5.6 | 

Moderate fine  j----- do... ......| Moderate.......] 4.0-5.0 |)Maui...| 80-150 | — 0-1,500 | Di. 
Moeky. 


As B: but with soft weathered rock fragments 
that retains original structure... 
the surface. 


| 


Slope, degree of erosion, loose stones on the surface, and depth to 
bedrock are very important on soils of the Haiku family, for they 
affect the use of machinery on cultivated land and in pastures. The 
best pastures are invariably on those soils where machinery can be 
used to eradicate stands of noxious shrubs such as guava or for control 
of those shrubs in established pastures by mowing. In table 67 soils 
of the Haiku family have been grouped according to their suitability 
for the use of machinery. By far the greater part of the area is adapted 
to mechanized agriculture. 

HAIKU SERIES 


Soils of the Haiku series occur at the margin between the cane- 
producing and grazing areas on the island of Kauai, and at the margin 
between the pineapple growing and grazing areas on the island of 
Maui. They are at elevations ranging from sea level to 4,000 feet in 
vegetation zone D;. Locally, on the island of Kauai, they extend 
slightly into vegetation zone Dz, and on Maui into vegetation zone C,. 
These soils receive 60 to 100 inches of precipitation annually. 

In many respects the soils have profiles resembling those of the 
Humie Latosols, but they differ because very heavy minerals are con- 
centrated at their surface. Commonly, in dry fields, the heavy 
minerals give the surface a grayish cast, and in some places the dry 
surface may be slightly blue or purple. The surface material is very 
heavy; this is apparent when handling the soil. In its transition to 
the underlying parent material, the B horizon of this series is similar 
to the B horizon for soils of the Humic Latosol group. 

Modal profile of the Haiku series: 

A, 0 to 9 inches, dark reddish-brown silty clay; strong medium granular 
structure; friable when moist, and nonplastie when wet; high bulk 


density; pH 5.0 to 6.5; roots very numerous; in eultivated areas the 
lower 3 inches is massive and silty. 
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Bz 9 to 24 inches, red silty clay; moderately developed medium blocky struc- 
ture; friable when moist, and nonplastic when wet; moderate bulk 
density; pH 5.0 to 6.0; roots present. 

B; or C, 24 to 42 inches, reddish-brown silty clay similar to horizon Bg but 
includes numerous soft highly weathered rock fragments. 

Cy 42 inehes +, gray, brown, and yellow soft weathered rock that retains 
the original rock structure and encloses solid rock cores that increase in 
number with depth; solid bedrock lies 10 to 50 feet below the surface. 

Soils of the Haiku series are reddest and have the least apparent 
accumulation of heavy materials at lower elevations where they join 
soils of the Lahaina family. With increasing elevation and rainfall, 
the surface soil takes on a duller color and shows a distinctly bluish or 
grayish cast. Practically no undisturbed virgin areas of these soils 
remain, but in a few areas near the margins of gorges the lower 3 
inches of that layer designated as the A, horizon in the profile descrip- 
tion is a bluish, massive, silty mass in which the materials of high 
specific gravity appear to be concentrated. Throughout most of the 
areas, however, this heavy material has been well mixed with the 
original A, horizon. 

These soils have the highest pH at the lowest clevations; in some 
places the pH is greater than 6.0 throughout the solum. These higher 
pH values show up in a very narrow zone; for most of the area occu- 
pied, pH values range from 5.0 to 6.0 throughout the solum. Near 
the upper altitude limit of the series, where it joins the Pauwela soils, 
pH values may be below 5.0. The Haiku soils are very strongly 
leached; they have been greatly depleted of silica, and bases, and, in 
the upper horizons, of aluminum. 


Haiku silty clay, gently sloping phase (3 to 8 percent slopes) (HF).— 
Probably this is the best soil of the Haiku series. It is uneroded or 
only slightly eroded. Machinery can be used with little or no diffi- 
culty. Of the soils in its series, it has the greatest concentration of 
resistant heavy minerals in the surface layers. The soil profile and 
its variations are those described for the Haiku series. 

A relatively small part of the total acreage of this soil is used for 
sugarcane on the island of Kauai, and for pineapple on the island of 
Maui. ‘Yields of both crops are low. The pineapple fruit on Maui 
is small and sour, and in some places the plants appear to be diseased. 
These “disease” spots correspond with areas where the concentration 
of heavy resistant minerals is abnormally high. 

The soil is low in native fertility and requires intensive fertilization 
with nitrogen, phosphorus, and potassium. It has a rather high native 
supply of nitrogen, but nitrogen fertilization is essential under con- 
tinuous cropping. Replaceable potassium is low, and supplies of 
available phosphorus are probably also low. 

The greater part of this soil is used for pasture. It supports dense 
stands of grasses such as Hilograss, which produce high yields of low- 
quality forage. Kikuyu and paspalums other than Hilograss, as well 
as the tall forage grasses, are adapted and are considered superior to 
Hilograss for pastures. Forage produced on this soil has low total 
dry-matter content and is generally low in palatability. Close grazing 
and periodic clipping improve the palatability. Gentle slopes and 
lack of stones admirably suit this soil to use of machinery for the 
eradication or control of guava. 
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Haiku silty clay, gently sloping phase—Uaoa silt loam complex (3 
to 8 percent slopes) (Hc).—'This unit occurs in areas of uneven relief 
but gentle slope. The land consists of a series of small knolls inter- 
spersed with shallow gently sloping depressions. Generally, the 
small knolls are moderately eroded areas of Haiku silty clay, gently 
sloping phase, and the small depressions or concave slopes are areas in 
which materials washed from the adjacent knolls have accumulated 
to form a young Alluvial soil classified as Uaoa silt loam (the Uaoa 
soil occurs in large enough areas to be mapped as a unit in some 
places). 

The soil on the knolls has a truncated profile of Haiku silty clay; 
it has lest most of the A, horizon. The soil in the depressions has 
little genetic profile; it consists of a reddish-brown or dark reddish- 
brown silt loam, a considerable part of which is made up of silt-sized 
heavy minerals washed from the surface lavers of the soil on the adja- 
cent knolls. In some places masses of this heavy material occur in 
the soil. The masses range from chunks the size of a man’s fist to 
layers several inches thick and many feet across. The distribution 
of this heavy material appears to be the result of sedimentation in 
favorable spots. 

This unit is used in the same way as Haiku silty clay, gently sloping 
phase. Slopes are not strong enough to interfere seriously with culti- 
vation, although they are somewhat complex. Plantations recognize 
little or no difference in productivity of the two soils, but in the course 
of survey it was noted that pineapple crops appeared much more 
vigorous on the Uaoa component of the complex than on the adjacent 
Haiku soil. Also, when this unit is used for pasture, the grasses form 
& denser sod and appear more vigorous on the Uaoa constituent. 

'This unit is subject to continued erosion, and in cultivated areas 
special practices are needed for control of washing. Generally, the 
cover in pastured areas effectively controls crosion. As on the gently 
sloping phase, pasture produces a large amount of forage low in 
palatability and in dry-matter content and therefore poor for fattening 
cattle, 


Haiku silty clay, eroded sloping phase (8 to 15 percent slopes) 
(IIz).—The slopes of this soil are uniform. ‘heir gradients are 
moderately restricting; machinery can be used with only moderate 
difficulty. Practically all of these areas are eroded to some extent. 
In most places the A, horizon and part of the B horizon have been lest. 
The resultant soil in cultivated fields consists of a plowed layer that is 
reddish brown or dark reddish brown and considerably lower in 
organic matter than the original A, horizon ol the uneroded soil. 
This layer is in what was formerly material of the B, horizon. It is 
underlain by a thin remnant of the original D; horizon, or by the Bs 
horizon in which a few fragments of soft highly weathered rock occur. 
This grades to the gray, brown, and yellow, soft weathered rock that 
retains its original rock structure. There are generally a few loose 
stones on the surface, but they do not interfere with cultivation. 
Areas of this soil generally have lost the horizon in which the resistant 
heavy nunerals accumulated. In the few small depressions and on 
some of the concave slopes, however, this resistant material has 
accumulated. The material of high bulk density is invariably most 
apparent on the gentler slopes or in slight depressions. 
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This soil is used in the same way as the gently sloping phase, al- 
though it occurs on steeper slopes. The areas are usually small and 
intimately associated with the gently sloping phase. Fields generally 
include both phases. The plantations consider these two phases little 
different in productivity of pineapple, but recognize that control of 
erosion is a much more serious problem on this eroded sloping phase. 
In the past, management practices have been similar on the two soils. 

For effective control of erosion, the pineapple acreage on this 
eroded sloping phase needs more intensive management than the 
gently sloping phase, particularly in the form of contour cropping and 
terracing to control runoff. In areas used for sugarcane on the island 
of Kauai, erosion is effectively controlled because the cane is generally 
planted on the contour and forms a dense cover. The uniform slopes 
of this phase are admirably suited to contour cropping. 

Hilograss is the most common species on unimproved pastures. 
Other paspalums and kikuyu are among the grasses best for intro- 
duction. If a dense stand is maintained in improved pastures, it 
effectively controls erosion. Pastures on this soil, like those on other 
soils of the Haiku series, are well suited to the breeding herd and 
growing calves, but inferior to those in drier areas for fattening cattle. 
A large total amount of forage is produced, but it is low in total dry 
matter and palatability. Guava is a serious pest. In idle areas it 
almost excludes desirable pasture grasses. This soil is moderately 
well suited to the use of machinery. Guava in improved pastures 
can be controlled by clipping. 


Haiku silty clay, eroded rolling phase (8 to 15 percent slopes) 
(H»).—This soil is somewhat similar to the eroded sloping phase in 
general profile characteristics, but it differs in having complex instead 
of uniform slopes. Although there is a general slope toward the sea, 
the areas consist of many hills and knolls with slopes in many direc- 
tions. The gradient itself is only moderately restricting, but the com- 
plexity of slope greatly increases problems involving the use of 
machinery. 

Practically all of the soil is eroded to some extent, but the degree 
varies greatly within short distances. Most frequently erosion has 
removed the A; and about half of the B; horizon. A new A, horizon 
has developed in what was formerly material of the B; layer, but below 
a depth of 18 inches the profile 1s typical of that described for the 
Haiku series. Erosion is generally most severe near the crests of 
knolls or where the slopes break sharply. In these places all of the 
B, horizon may be lost and a few soft highly weathered rock fragments 
may be turned up in cultivation. On concave slopes or in the slight 
depressions among the knolls, material from adjacent rolling land 
has accumulated. It is in these places that the bluish-gray, heavy, 
silty material characteristic of the accumulation of heavy minerals is 
most pronounced. These areas of accumulation are generally very 
small—a few yards to several rods in width. 

Where this phase is associated with the gently sloping or sloping 
phases in areas that are cropped, it is used in the same way as the soils 
with which it occurs. On the sharpest breaks of the slopes, crops are 
much inferior to those in other parts of the area or to those on the 
gently sloping or sloping phases. The soil as a whole is generally in- 
ferior for cropping, probably more because machinery is difficult to use 
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than because its productivity is low. In fact, none of the Haiku soils 
can be considered first-class land for either pineapple or sugarcane. 

The pasture plants adapted to the gently sloping phase are also best 
for this phase. Hilograss is dominant in native pastures, but other 
paspalums and kikuyu are well suited. Of the two, kikuyu is prob- 
ably the best because it is aggressive and is easily and rapidly estab- 
lished. Pastures are low in total dry matter; and unless clipped or 
grazed short, the grasses are low in palatability. The forage is poor 
for fattening cattle but fair to good for the breeding herd or growing 
calves. In spite of the rolling topography, machinery can be used on 
this soil for eradicating stands of guava or for controlling it in estab- 
lished pastures. 


Haiku silty clay, eroded moderately steep phase (15 to 30 percent 
slopes) (Hc).—This soil is confined to the island of Kauai; it occupies 
a relatively large area, part of which was once cropped. Practically 
all of the soil is now used for grazing. Only a few small areas asso- 
ciated with the more gently sloping lands are cropped to cane. 

Dominantly, this soil is a truncated profile of Haiku silty clay. 
(See profile description of the Haiku series.) Normally, the A, and 
about half of the B; horizon have been lost. An A; horizon somewhat 
lower in organic matter than normal for the series has developed in 
what was formerly B; material. Below a depth of 18 inches, however, 
the profile is similar to that described for the Haiku series. 


In this soil, concentration of heavy resistant minerals in the sur- 
face layers is apparent as tiny, glistening particles in the A, horizon. 
In a few relatively uneroded remnants, they are found in small depres- 
sions or flats where material washed from adjacent sloping land has 
accumulated. The surface layer generally does not have so high a 
bulk density as the normal soil. 

Slope severely restricts use of this soil. Most areas that were once 
cropped are now in pasture or idle. Hilograss is dominant in unim- 
proved pasture. In improved pastures carpetgrass and paspalums 
are most common. Kikuyu is probably one of the best grasses for 
planting, as it is aggressive on these strong, moderately eroded slopes. 
Pastures are poor for fattening cattle because of low palatability and 
low total dry matter. They are fair to good for the breeding herd or 
for growing ealves. The total amount of forage produced is relatively 
high. 
The soil receives rainfall during most of the year in quantities that 
prevent its slopes from seriously limiting the amount of moisture 
available for plants. Guava is a serious pest. In some places it forms 
dense stands that almost exclude desirable pasture plants. Use of 
machinery for eradicating existing stands of guava or for mowing 
young growths of it in established pastures is possible but difficult. 
In cultivated areas the difficulty of using machinery and the suscepti- 
bility to erosion limit the value of the soil. If the soil is cultivated, 
all operations should be done on the contour, and, so far as is possible, 
runoff should be controlled by diversion struetures. The grass cover 
in good pastures is effective in controlling erosion. 


Haiku silty clay, eroded hilly and steep phases (20 to 40 percent 
slopes) (Hx).—Jn this unit aro the steepest soils of the Haiku series. 
Slopes may be simple and uniform or highly complex and hilly. Ex- 
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tensive areas of this unit are mapped on the island of Kauai, and on 
the island of Maui small areas are associated with less strongly sloping 
soils of the Haiku series. 

Almost all of this unit is at least moderately eroded. For that 
reason, the horizon that contains heavy resistant minerals generally is 
absent or only weakly expressed. Most places show a truncated 
profile of the Haiku series. A weak, thin A, horizon has developed 
in what was formerly the lower part of the B: horizon. Generally, 
the presence of heavy resistant minerals is evidenced by silt-sized, 
bluish, glistening particles. This heavy material is of such high 
specific gravity that erosion did not remove it with the other fine 
material. The heavy material is not concentrated, however, and the 
bulk density of the A, horizon is much less than normal for the series. 
The rest of the profile—B; or C; and C; horizons—is as described for 
the Haiku series. 

Material washed from the adjacent more strongly sloping land has 
accumulated on concave slopes in a few places. Because of their high 
specific gravity, the heavy, resistant minerals tend to accumulate in 
these places. 

These soils are so steep or have such complex slopes that they are 
essentially unsuited to the use of machinery; consequently, it gener- 
ally is not feasible to use them for crops. Practically all of this unit, 
except for small areas associated with less strongly sloping soils, is 
used for pasture. Small areas of this unit occurring with areas used 
for crops were formerly cultivated by hand, but most of them are now 
idle and covered with dense stands of guava and associated weeds 
and grasses. 

Hilograss is dominant in the pastures, which are normally infested 
with shrubs and weeds. Pastures are difficult to improve because of 
the strong slopes. Probably kikuyu is the best grass for introduc- 
tion; it can compete most effectively with guava and other shrubs, 
In some places machinery can be used for controlling guava, but 
usually with extreme difficulty. 


PAUWELA SERIES 


Soils of the Pauwela series are found in the wettest parts of the 
region occupied by Humic Ferruginous Latosols. These occur on the 
island of Maui at elevations ranging from sea level to 1,500 feet. 
They receive &n annual precipitation of 80 to 150 inches and are 
entirely within vegetation zone D;. 

Soils in wet regions characteristically have grayish A, horizons. 
In the Pauwela soils this grayish color of the A, is more pronounced 
than in Humie Latosols receiving similar rainfall. In fact, grayness of 
the A, horizon is an outstanding physical property differentiating these 
Pauwela soils from those of the Haiku series. At the bottom of the 
Ay, or in some places as a separate horizon, there is a grayish-brown, 
massive layer of silt-loam texture that has an extremely high bulk 
density. It is in this layer that the highest concentration of resistant 
heavy minerals occurs. Next in the profile is yellowish-red silty 
clay of the B horizon, friable when moist and nonplastie when wet. 
This B horizon is similar to the B horizons of Humic Latosols derived 
from similar materials. 
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Modal profile of the Pauwela series: 

A; Oto 7 inches, grayish-brown silty clay; strong medium granular structure; 
frizble when moist and nonplastic when wet; high bulk density; pH 
4.5 to 5.5; roots very numerous. 

A, 7 to 9 inches, grayish-brown silt loam; massive structure; firm when 
moist; pH 4.5 to 5.5; very high bulk density; roots present; this layer 
may be incorporated as part of the A, horizon. 

Bi 9 to 30 inches, yellowish-red silty clay; moderately developed fine blocky 
structure; friable when moist and nonplastie when wet; moderate bulk 
density; pH 4.0 to 5.0; roots present, 

Bs or Cy 30 to 50 inches, yellowish-red silty clay similar to that of Bz; has 
inclusions of soft weathered rock that retains the original rock strueture 
but may be erushed between the fingers. 

C, 50 inches +, brown, yellow, and gray soft weathered rock retaining the 
original rock structure; weathered material encloses solid rock cores that 
inerease in number with depth; unweathered basalt or andesite occurs at. 
depths ranging from 6 to 50 feet or more below the surface. 

Where the Pauwela soils join the Haiku soils on the island of Maui, 
the grayness of the A; horizon is least pronounced. With increasing 
elevation or increasing rainfall, the A; horizon becomes grayer and less 
strongly granular. Under the highest rainfall in which the series 
occurs, both the A, and B horizons are weakly smeary when wet. At 
the lowest elevations, they are friable when wet. 

The pH values are generally very low—mainly from 4.5 to 5.5 in 
the surface layers and from 4.0 to 5.0 in the B horizon. Again, the 
highest pH values are observed where these soils join the Haiku 
series, and the lowest at the higher elevations or under the highest 
rainfall, 

Data by Sherman (see p. 117) indicate that these are extremely 
strongly leached soils from which bases and silica and a certain amount 
of the alumina have been lost. As a result, iron, titanium, and similar 
materials have been concentrated. The soils are low innative fertility, 
yet have a moderately high content of nitrogen. 

Pauwela silty clay, gently sloping phase (3 to 8 percent slopes) 
(Pz).—This is the normal soil of the Pauwela series. It occurs on the 
islands of Maui at altitudes less than 1,500 feet but under rainfall 
ranging from 80 to 150 inches per year. The soil profile and its 
variations are those described for the Pauwela series. 

A small part of the Pauwela soil was at one time cropped to pine- 
apple, but essentially all of this land has been converted to pasture. 
Pineapple yields were low and the fruit was small and sour. Most of 
the area is now used for grazing; a small area on the island of Maui is 
within the forest reserve. 

In native pastures the dominant grass is Hilograss, which is as- 
sociated with various other grasses, herbaceous plants, and numerous 
shrubs, including guava. Paspalums, kikuyu, and the tall forage 
grasses are suitable for seeding, and pastures of those grasses are 
generally superior to the native pastures. The forage produced is 
high in total amount but relatively low in quality for fattening cattle. 
It is low in palatability unless clipped or grazed closely, and is low in 
total dry matter. Pastures on these soils are well suited for the breed- 
ing herd or for growing calves. Because of the high degree of cloudi- 
ness, these areas are poorly suited to cane, although cane could be 
produced without irrigation. The incidence of diseases on this soil is 
poe in pineapple fields, which partly accounts for its abandonment for 
that use. 
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Pauwela silty clay, gently sloping phase—Uaoa silt loam complex 
(2 to 10 percent slopes) (P2A).— These are areas of gentle slope but 
complex topography in which small knolls or short slopes are inter- 
spersed with small depressions or concave slopes. The little knolls or 
short slopes are generally moderately eroded. The material washed 
from them has accumulated in the small depressions and concave 
positions as an Alluvial soil of local origin. On the small knolls and 
short slopes, the horizon having the maximum accumulation of heavy 
minerals is either lacking or has been partly removed. The heavy 
minerals have accumulated in the small depressions, producing a soil 
with little or no profile development in which masses of material with 
very high bulk density occur. "These areas of accumulation are of the 
Uaoa soil, described under the name of that series in another part of 
this report. The arcas of Pauwela silty clay and Uaoa silt loam are 
very complex in their pattern and could not be shown separately at 
the scale of mapping. 

This unit is used in the same way as Pauwela silty clay, gently 
sloping phase. A very small part of the total area is in pineapple. 
Usually fields of pineapple are lacking in uniformity; growth is greatest 
in the small depressions and least vigorous on the most eroded parts 
of the short slopes. 

The greater part of the total area is used for pasture, and in these 
places the most common grasses are Hilograss or carpetgrass. Paspa- 
lums and kikuyu are adapted for introduction. Guava is a serious 
pest that can be controlled effectively only by use of machinery. 
This complex is well adapted to use of machinery. Pastures produce 
forage inferior for fattening cattle but suitable for the breeding herd 
or for growing animals. It is low in total dry matter; and, if allowed 
to reach considerable size, it loses its palatability. Pasture produe- 
tivity should be similar to that of Pauwela silty clay, gently sloping 
phase. 


UNDIFFERENTIATED UNITS 


All of the severely eroded soils of the Pauwela and Haiku series 
were mapped as an undifferentiated unit because the eroded condition 
overshadows differences in other soil characteristics insofar as use 
of the land is concerned. These have been mapped as the Haiku 
family, severely eroded phases, which is described next. 


Haiku family, severely eroded phases (8 to 15 percent slopes) 
(I14).— These are truncated soils of the Haiku family. In most places, 
the A and B; horizons have been entirely removed by erosion, and the 
B; or C, horizon containing fragments of soft weathered rock is 
exposed. In most places there are some unweathered stones on the 
surface, but they generally do not prohibit cultivation. Most of the 
rock material turned up in plowing is so highly weathered that it may 
be crushed between the fingers. In some places these soils are so 
severely eroded that all of the D; or C, horizon has been lost and the 
weathered parent material is exposed. In most places, however, part 
of the B; horizon remains. 

Machinery can be used on these soils, but because of erosion they 
lack the water-holding capacity and organic-matter content normal for 
soils of the Haiku or Pauwela series. Crops produced on these phases 
are definitely inferior to those on the less severely eroded soils of the 
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same series. Where these soils occur in small areas associated with less 
severely eroded soils, all are used for the same crops. Where they 
occur in large areas, however, they are either idle or used for pasture. 
A small part of their total area lies within areas that are cropped. 

When these soils are used for pasture, Hilograss is dominant. In 
unimproved pastures Hilograss is normally associated with various 
shrubs and weeds, among which guava is one of the most important. 
Pastures can be greatly improved by introducing better species and 
eradicating the weedy growth. Kikuyu is probably one of the best 
grasses for introduction, for it is aggressive and provides a protective 
cover for the soil. Paspalums are also adapted, but are probably some- 
what less desirable than kikuyu for these soils. In the native pastures 
observed, stands were considerably poorer on these phases than on 
less severely eroded soils with which they were associated. It may be 
presumed that the forage on these soils is of as low quality for fattening 
cattle as that on the less eroded soils, and also less in total amount. 
Introduction and maintenance of a dense cover of grasses for control 
of erosion is important. With continued washing, these soils will be 
reduced to the rough broken land types described in other sections of 
this report. At present, there is little or no gullying. 


SOILS OF THE PUHI FAMILY 


The Puhi is a single-series family. The soils have a very weak 
concentration of heavy resistant minerals in the surface layer. There 
is considerable doubt as to whether the Puhi family should be among 
the Humic Ferruginous Latosols or the Humic Latosols. They were 
placed with the Humic Ferruginous Latosols because of their silty 
surface that contains small, glistening crystals. The soils occur only 
on the island of Kauai at elevations ranging from 200 to 500 feet above 
sea level. They receive 50 to 80 inches of precipitation per year and 
are entirely in vegetation zone C,. 

Soils of this family have a brown, silty surface soil over a reddish- 
brown silt or silty clay loam friable subsoil. They are moderately 
to very strongly acid. A considerable range in pH has been observed 
within their area. Little is known of the chemical propertics of the 
soils, but from the pH values observed it can be assumed that they are 
not so depleted of bases as most soils of the Humic Ferruginous 
Latosol group. The relationship of these soils to other Humic 
Ferruginous Latosols is shown in table 17, in the section on Relation- 
ships Among Soils of Hawaii. 


USE AND MANAGEMENT 


Most of the area mapped in the Puhi family is used for cane, but 
pasture, vegetables, and pineapples are also produced in the Kapaa 
Homesteads. Rates of production are higher on the eroded than on 
the uneroded soil. Soils of this family are considered third-class 
pineapple land. 

Soils of the Puhi family effervesce mildly with hydrogen peroxide 
in the upper part, which indicates some concentration of manganese 
dioxide. Sprays of soluble iron salts are generally necessary for con- 
trol of iron deficiency in pineapple. It was noted during the course 
of the survey that sloping land of this family had a high proportion of 


458 SOIL SURVEY OF TERRITORY OF HAWAII 


pale-green plants and that growth generally was not thrifty. These 
soils produce a high proportion of small fruits. The best-appearing 
part of the crop is in concave slopes where wash from adjacent lands 
has collected. 

These silty soils are very subject to sheet erosion. In arcas used 
for sugarcane, erosion is generally effectively controlled by the dense 
cover of that crop. In areas that are used for pineapple, however, 
much of the soil is bare and such practices as contour cultivation, 
stripcropping, and construction of terraces are needed to control 
washing. 


These soils occupy the intermediate zone between the extremes of 
high and low rainfall and temperature. This is generally the most 
favorable zone for growth of pasture. Rainfall is generally adequate 
for many kinds of permanent-sod grasses, and on these soils where 
seasonal changes in rainfall are not so pronounced, perennial grasses 
are particularly abundant. Bermuda is the basic grass as on most of 
the area; it is valuable because it provides forage of good quality, will 
stand heavy and continuous grazing, and controls erosion effectively. 
Rattail is somewhat more prevalent on these soils than in most areas 
of vegetation zone C,. Natal redtop is also prominent. 


Paspalums are among the better grasses for introduction and should 
be admirably suited to these soils. Kikuyu is also adapted but is 
generally not considered so palatable or nutritious as the paspalums. 
Large tropical forage grasses such as Napiergrass and panicums are 
also adapted. The sod-forming grasses, especially Bermudagrass and 
kikuyu, tend to dominate in the stand, and pastures in this zone be- 
come one-grass pastures. Periodic plowing of land not too seriously 
subject to erosion is an excellent way of renewing the vigor of the 
secondary species. "Throughout the area in which these soils occur, 
lantana and guava are persistent shrubs that require control. Use of 
power mowing on those soils adapted to machinery should be an 
effective method of controlling these pests in improved pastures. 

No data on yields of vegetables in the Kapaa Homestead area were 
obtained, but judging from the appearance of the crops, these soils 
should be well suited to vegetables if adequately fertilized. Rainfall 
is generally adequate for vegetable growing, but high temperatures 
may restrict production of certain kinds. 


PUHI SERIES 


The Puhi series is the only series in the Puhi family; its environ- 
ment has been deseribed in the preceding sections. "The soils are very 
weakly developed Humic Ferruginous Latosols that have many prop- 
erties in common with soils of the Humic Latosol group. 

Modal profile of the Puhi series: 

A, Oto 9 inches, brown or dark reddish-brown silt loam; strongly developed 
medium granular structure; friable when moist and nonplastie when wet; 
very weak effervescence with H:0.; pH 5.0 to 6.5; moderate volume 
weight but contains tiny glistening particles characteristic of soils in 
which heavy minerals are concentrated; roots very numerous, 


B: 9 to 30 inches, reddish-brown silt loam or silty clay loam; weak or moder- 
ate medium blocky structure; friable when moist and nonplastie when 
wet; pH 4.5 to 6.0; roots numerous. 
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B; or C, 30 to 40 inches, reddish brown silty clay loam similar to horizon 
B; but containing soft weathered rock fragments that retain their origi- 
nal structure, 

C. 40 inches +, brown or grayish brown, gritty, weathered rock that may 
be erushed between the fingers but retains the original rock structure; 
this encloses solid rock cores that increase in number with depth; solid 
bedrock lies at great depth. 

The texture of the B; horizon varies considerably. In most places 
it is a heavy silt loam or a silty clay loam, but locally it may be a 
silty clay similar to that underlying soils of the Kaneohe family. The 
pH varies widely within the area—from 5.0 to 6.5 in the upper layer 
and from 4.5 to 6.0 in the B horizon. The pH values generally are 
above 5.0, however, and this indicates that the soils are not so highly 
leached as most Humic Ferruginous Latosols. In many respects 
soils of this series may be considered transitional from the Humic 
Latosol to the Humic Ferruginous Latosol group. 


Puhi silt loam, gently sloping phase (2 to 8 percent slopes) (P2Fr).— 
This is the best soil of the Puhi family. Its gentle uniform slopes 
make it well suited to machinery, and a large proportion of it is used 
for cane, vegetables, or pincapple. The soil profile and its variations 
are essentially those described for the series. Locally, the soil is 
somewhat redder than normal, and in small depressions where wash 
from the surrounding areas has accumulated, the Ai horizon may be 
as much as 12 to 15 inches thick. 

This soil should be fair for sugarcane or pineapple, but yields 
reported are lower than would be expected in this climatic zone. 
Nevertheless, with good management the soil should be at least 
moderately productive. Its suitability for machinery minimizes 
costs. Sprays of soluble iron salts for control of iron deficiency are 
probably needed for pineapple, and intensive application of complete 
fertilizer is necessary for success with all the crops. 

Data by Sherman indicate a higher cation-exchange capacity for 
this soil than for soils of the Naiwa family, and associated with this 
capacity, an equivalent or slightly higher percentage of base satura- 
tion. The soil therefore is not so low in native fertility as most 
Humic Ferruginous Latosols, but lower than soils of the Low Humic 
Latosol group. It can be expected that this soil will be deficient in 
both calcium and potassium and that it will fix large amounts of 
phosphorus in forms not available to plants. It is probably relatively 
well supplied with nitrogen, but it requires intensive nitrogen fertiliza- 
tion under continuous cropping. 

This soil is capable of producing a large amount of relatively 
high-quality forage. Among the more important forage grasses are 
Bermudagrass, Natal redtop, and such introduced species as the 
paspalums. Rainfall is relatively well distributed in the area, and the 
seasonality of pasture is not so great as in the lower and drier lands. 
This soil 1s especially well suited to use of machines for control of 
guava, lantana, or other noxious plants in established pastures or for 
eradieating stands of such plants in unimproved areas. 


Puhi silt loam, eroded sloping phase (5 to 15 percent slopes) 
(P2z).—This moderately eroded soil occurs mainly as small areas 
associated with the gently sloping phase. It is used in much the 
same way as that phase. Its profile is essentially as described for 
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the Puhi series, except the A, horizon and the more silty part of the 
B; have been lost in most places. A weak A, horizon has developed 
in what was formerly B, material. Below a depth of 18 inches the 
solum is essentially the same as described for the Puhi series. Locally, 
in small areas, the soil has been severely eroded —the Bs or C, horizon, 
with inclusions of soft weathered rock fragments, is exposed. Stone 
fragments are turned up when these severely eroded places are plowed. 

The eroded condition of this soil would be expected as a result of 
its slope and the silty horizons that constitute its upper part. The 
greatest precautions should be taken to prevent continued serious 
erosion. On land used for sugareane the crop itself usually provides 
adequate protection if the rows are run approximately on the contour. 

Although the slopes are moderate, they are uniform in most places 
and at least moderately well suited to the use of machinery. Those 
areas occurring in association with the more gently sloping soils of 
the series are used in the same way as the less strongly sloping land. 
The plantations report that sugar yields are higher on this eroded 
soil than on the uneroded phase, but they recognize that this eroded 
phase presents a greater problem in erosion control. When used for 
pasture, this soil is suited to Bermudagrass, the paspalums, or kikuyu 
and produces high-quality forage. The sod in improved pastures 
effectively controls crosion, in spite of the slope of the land. Contour 
furrowing or construction of diversion ditches on long slopes may be 
needed as added precautions. Machinery can be used for control of 
lantana and guava, and this contributes greatly to use of the soil 
for pasture. 


Puhi silt loam, severely eroded moderately steep phase (15 to 30 per- 
cent slopes) (P2a).—'This moderately steep soil has lost all of the original 
A, and most of the B; horizon in most places. The B; horizon is 
exposed, and in some places the weathered rock material below it. 
Throughout the area, soft weathered-rock fragments that can be 
crushed between the fingers are turned up in plowing. There is 
generally a small amount of loose stones on the surface. 

This soil may occupy large areas, but most commonly it occurs as 
long narrow strips near drainageways or in small isolated areas among 
less strongly sloping soils of the Puhi series. Where it oecurs as 
isolated areas, it is commonly idle and covered with Iantana or guava. 
The idle areas were formerly used with the associated soils, but were 
abandoned as mechanization advanced. 

Where the soil occurs as extensive areas, it is generally used for 
grazing. Bermudagrass and Natal redtop, with some pilipiliula, 
yellow foxtail, and ricegrass, are the important species. Some guava 
and lantana generally appear in the pastures. "The pastures produce 
appreciably less than those on milder slopes; probably this results 
partly because of the croded condition and lower nitrogen level of the 
soll and partly because of the difficulty of improving the pastures 
through reseeding and mowing to control lantana, guava, and similar 
weeds. Nevertheless, pasture is probably one of the best uses for the 
soil. Kikuyu is one of the better adapted species because it is aggres- 
sive and able to compete with weeds where the use of machinery must 
be held to a minimum. 
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SOILS OF THE MANANA FAMILY 


Soils of the Manana family are weakly developed Humic Ferruginous 
Latosols; they have a loose silty or very fine sandy A; horizon over a 
compact B horizon. The accumulation of heavy resistant minerals 
in the uppermost layers that is characteristic of Humic Ferruginous 
Latosols is only weakly evident. The relationship of this family to 
other Humic Ferruginous Latosols is shown in table 17 in the section 
on Relationships Among Soils of Hawaii. 

Soils of the Manana family occur on the islands of Kauai and Oahu 
at altitudes ranging from 250 to 1,200 feet. Most of the family is 
within vegetation zone C;, but on the island of Oahu it extends slightly 
into vegetation zone D,. The annual rainfall ranges from 30 to 80 
inches: but most of the area receives from 40 to 60 inches yearly. The 
distribution of rainfall is very much like that for the Naiwa soils. 
In only a few places is the average monthly precipitation less than 2 
inches during any month of the year, but throughout most of the area 
it is less than 3 inches per month during 4 to 5 months of the year. 
Precipitation is more than 5 inches per month for only 1 or 2 months 
of the year, and in this respect these soils do not have the distinctly 
wet season characteristic of the Naiwa series. To summarize, the 
distribution of rainfall is intermediate between that of the Naiwa 
soils and that of the Puhi. 

Soils of the Manana family have a well developed granular A, 
horizon, and immediately under that layer in practically all places, & 
lighter textured A; horizon. The A; horizon is commonly a silt loam 
ora very fine sandy loam, in contrast to a silty clay loam for the horizon 
aboveit. This A, layer—in some places loose and fluffy—is very much 
like that underlying the concentration of heavy resistant minerals in 
soils of the Naiwa family. Below the Ag, generally at depths of about 
16 or 18 inches, is a very compact blocky slity clay, which is generally 
red in color. This blocky horizon continues to depths of about 30 
inches, where it grades into either the less compact and more friable 
material that lies above the soft weathered rock or into the weathered 
alluvium. Heavy material is not so concentrated in the surface layers 
as in most Humic Ferruginous Latosols, but in other characteristics 
this family is similar to soils of the Mahana and Naiwa families. 

Two series are included in the family. The Manana series is 
derived from basalt or andesite weathered in place; the Kolekole, from 
alluvium. The relationships between. these two series are shown in 
table 70. 


USE AND MANAGEMENT 


Soils of the Manana family that are adapted to machine cultivation 
are used mainly for pineapple. On the island of Kauai, a small area 
is used for cane. ‘The steeper and more severely eroded areas and 
a relatively small proportion of the more gently sloping and less 
severely eroded areas are used for pasture. Formerly, a much 
higher proportion of the total area was in pineapple; a large part of 
the area on the Waianae Range above Kunia once used for pineapple 
or cane has been retired from crops. 

Soils of the Manana family are distinctly inferior to those of the 
Wahiawa family for pineapple. Yields are less and the fruit is 
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'TTAnsLE 70.—Key, modal profile, and environment 


Modal profile 
Horizon Oolor (dry) 
z 1 | 
Key Series Range in depth 
Let- to— | Texture 
ter (C a I 
sym- | Name Munsell 
bol | Upper | Lower | 
limit | limit 
| wl 
Inches | Inches 
AG, |ssaccaee 6-12 | Dark reddish 2.5YR 2/4- | Silty clay 
brown. 34. loam. 

A. Derived from ba- Aa 6-12] 12-18 | Red... 10R 3/6-4/6..| Silt loam.. 
salt or andesite | Manana jf Ba | 12-18 | 24-36 |... do...........| 10R 4/6-4/8..| Silty clay... 
pac. —  ]|  Jj|Bg | 21-88 | 30-48 |.. do: elei 10R 3/64/8..1.....d0. 

As Bs but contains soft weathered rock fragments 
Soft weathered basalt or andesite grading to 
Dark reddish 2.5Y R 2/4- Silty elay 
brown. 3/4. loam. 
Red... iu 10R 3/6-4/6..| Siltloam...... 

B. Derived from celekole B2 | 14-21 | 24-86 |.... o C AROA 10R 3/6-4/6..| Silty clay..... 

alluvium, Kolekole 


Material similar to B but containing soft 


Red, yellow, and brown soft weathered gravel in 
Weathered bedrock at depths ranging from 4 to 


smaller and more sour. The soils do not effervesce strongly with 
hydrogen peroxide, which indicates a low concentration of manganese 
dioxide and suggests that iron deficiency would be less of a problem 
than on soils of the Wahiawa family. 


Soils of the Manana family are extremely erodible; special practices 
for the control of runoff are needed wherever pineapple is planted 
on slopes greater than 3 percent. All operations should be done on 
the contour, and in most places diversion ditches or terraces are also 

needed. Because only a limited area is used for cane, few observations 
of that crop were made. Yields of cane would be expected to be 
relatively low, compared to those on soils in drier regions. 


The full effect of the compact B horizon on growth of crops was 
not determined. It was evident, however, that plant roots were 
restricted mainly to layers above the compact one. The pineapple 
plants were noticeably less vigorous wherever the compact layer 
was encountered. It was noted that water moves laterally on the 
slopes in the A» horizon and above the B horizon. This may account 
for the apparent siltiness of the layer in the presence of what appear 
to be small concretions in many places. 

The pH values are generally higher than for most soils of the Humic 
Ferruginous Latosol group. This indicates that these soils are 
relatively better supplied with bases than most others of the group. 
In this respect, they are probably comparable to soils of the Puhi series, 
From available data, however, one judges that these soils would 
require fertilization with potassium to a much greater extent than 
soils of the Wahiawa or other series in drier regions. They would 
also be expected to fix phosphorus in unavailable forms. Although 
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of soil series of the Manana family 


| Modal profile—Continued Environment, 
| | Consistence 
| i | i Yearly Vege- 
i Structure i pH Island rain- | Elevation | tation 
Moist In place fall zont 
| Inches Feet 
Moderate medi- | Friable | 5.0-8.0 
um granular. 
Weak pean Very friable. 4.8-5.8 
cnp: : Kauai 40- 250- 750] C 
Moderate me- + 5.0-6.9 | Manual. 40-60 | 250- 78 po 
dium blocky. Oahu...| 60-80 500-1, 200 | Di, Ci.] 
sac d. cce 5.0-6.0 
unwesthered rock at 10 to 20 feet_._...-...-_----_-----._... á 
Moderate mo- Very friable----- Loose. .......... 5.5-6.5 
dium granular. 
Weak medium — |[..... G05 NEP feeds. = --| 5.0-8.0 
yume. x i o | 
oderate me- Firm............| Very compact... | 5.0-6. a P nh: 
dium blocky. Oahu...| 30-40 500-1, 200 | Ci. 
weathered pebbles... ..-..-.--------4----- oe —— = 
a matrix of fine alluvium__.-.--......---....--------------- 


10 feet or mMore_________.__--------- 


they are relatively high in total nitrogen, they should require nitrogen 
fertilization under continuous cropping. 

Bermudagrass and Natal redtop are the most prominent spccies 
jn unimproved pastures on the uneroded soils. On the eroded slopes 
pilipiliula, yellow foxtail, and ricegrass are prominent. Paspalums 
and kikuyu are well adapted, and Napiergrass and panicums may 
be used for soiling crops or for grazing. 

Pastures on these soils are considered moderately good for fattening 
cattle, though inferior to pastures in drier regions. The forage 
produced is not so low in total dry matter as that produced on soils 
of the Humic Latosol group. This greater amount of dry matter 
is associated with the lower rainfall under which these soils occur. 
The distribution of rainfall is good, considering the total amount 
that falls, and seasonal variation in forage production is less than 
on areas of Wahiawa or Kahana soils. Throughout the zone, lantana 
is one of the most serious pests, and in the wetter areas guava is also 
important. Good pasture management involves control of these 
pests; and for that reason the use of machinery is important. 

Most soils of this family are at least moderately well suited to 
machinery. Their suitability for mechanized agriculture is shown 
in table 67. 

MANANA SERIES 


The Manana series consists of red weakly developed Humic 
Ferruginous Latosols that have a silty friable A; horizon and clayey 
compact B horizon. They occur mainly on the island of Oahu at 
altitudes of 500 to 1,200 feet, but in a limited area on Kauai are found 
at elevations of 250 to 750 feet above sea level. The soils receive an 
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average annual precipitation ranging from 40 to 80 inches per year 
and occur mainly in vegetation zone C;. On Oahu they extend 
slightly into vegetation zone Dy. 

Modal profile of the Manana series: 

A, OQ to 9 inches, dark reddish-brown silty clay loam; moderately developed 
medium granular structure; friable when moist and nonplastie when 
wet; pH 5.0 to 6.0; roots very numerous; has a purplish tinge and 
contains glistening particles of silt or very fine sand. 

Ay 9 to 15 inches, red silt loam or very fine sandy loam; loose or very 
friable when moist and nonplastic when wet; pH 4.8 to 5.8; roots numer- 
ous; may contain small iron concretions. 

Ba 15 to 30 inches, red or reddish-brown silty elay; compact in place; 
weak. to moderate medium blocky structure; very firm when moist 
and nonplastie when wet; pH 5.0 to 6.0; few roots. 

Ba 30 to 40 inches, red or reddish brown silty clay similar to horizon 
Ba but less compact in place. 

B; or C, 40 to 60 inches, red or reddish-brown silty clay similar to horizon 
Ba but containing soft weathered rock fragments. 

C 60 inches ++, red, yellow, and brown soft weathered rock that retains 
original rock structure; weathered material encloses solid rock cores 
that inerease in number with depth; bedrock occurs below 10 feet. 


Evidence of accumulation of heavy resistant minerals in the upper- 
most layer varies considerably. At the lower elevations the evidence 
is mainly concretions in the A, horizon and tiny glistening particles in 
the A; horizon. At the higher elevations the A, horizon has a distinct 
purplish cast, which is usual for such accumulations in soils like 
those of Naiwa series. The high bulk density generally associated 
with such accumulations is not apparent. 

The development of the loose sandy or silty A, horizon is also vari- 
able from place to place. In plowed areas this layer may be de- 
stroyed, but in most places it is apparently in contact, with the under- 
lying compact B horizon. It was not determined whether the sandy 
or silty character of this material is the result of distribution of primary 
particles or the result of aggregation. Probably aggregation is the 
predominating condition. The compact zone in the B horizon is gen- 
erally unmistakable, but its thickness varies. In some places the com- 
pact zone appears to be an old surface of weathered rock on which 
more recent alluvium has been deposited, but in many places its occur- 
rence is difficult to reconcile with that theory of its origin. 

From the standpoint of land use, slope and erosion are among the 
more important variations within the series, and these have been segre- 
ae in detailed mapping as the various phases of Manana silty clay 

oam. 


Manana silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(M2n).-—This is the phase on which most of the pineapple production 
on the series is concentrated. It occurs generally at the lower eleva- 
tions where the slopes are gentle. "The soil profile and its variations 
are, for the most part, those described for the Manana series. In- 
cluded in the unit, however, are areas on small concave slopes where 
material washed from more strongly sloping land has accumulated. 
In these places the A, horizon may be as much as 18 inches thick. 
Also included are areas in which the depth to the compact Bs, horizon 
is greater than normal. "These areas are generally on the most gentle 
slopes, but their position indicates that the depth of material over the 
compact Bs horizon does not result from accumulation of material 
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washed from higher lying lands. In these places the B;; horizon may 
be as much as 24 inches below the surface. These inclusions are the 
best parts of the phase for crop production, probably because they 
have a thicker layer in which plants can root. 

Parts of this soil are used for pineapple with fair success. Yields 
appeared to be lower than those obtained on soils of the adjacent 
Wahiawa series on the island of Oahu. Pineapple is intensively ferti- 
lized, and sprayed for control of iron deficiency. Even on these gentle 
slopes, all operations should be on the contour. Appropriately spaced 
terraces are needed for control of runoff and erosion in pineapple 
fields. A small area on the island of Kauai is used for cane. 

This soil is productive of good-quality pasture. Bermudagrass and 
Natal redtop are the dominant native species, but paspalums are well 
adapted. Pastures generally provide adequate protection against 
erosion. 


Manana silty clay loam, eroded rolling phase (5 to 15 percent slopes) 
(M2a).—This moderately eroded soil of the Manana series occurs 
on the islands of Oahu and Kauai. Where it is associated with the 
gently sloping phase, it is cropped in much the same way as that soil. 
Its stronger and more complex slopes moderately restrict use of machin- 
ery, however, and where it occurs in large areas it is more apt to be 
used for pasture. The soil is subject to erosion; most of it has lost 
the A, and A; horizons. The compact Ba horizon is exposed. Under 
grasses or crops, a weakly developed A, horizon has formed in what was 
formerly material of the B». The rooting of plants is restricted mainly 
to this thin A, layer; roots penetrate the normal B,, horizon relatively 
little. The soil is therefore normally less productive than the gently 
sloping phase, and in pineapple fields the differences in the appearance 
of the crop are quite striking on the two soils. 

Erosion follows & characteristic pattern on this soil. When the soil 
is not protected, water penetrates the B; horizon very slowly and 
runoff may be extremely high from even a moderate slope. The A, and 
the A» horizons are quickly lost, and in most places the B; is stripped 
almost bare of overlying material. At this point erosion is arrested 
and a new À, horizon begins to develop in what was formerly material 
ofthe B, layer. Until such time as gullying has cut through the com- 
pact layer of the B; horizon, gullying, not sheet erosion, is the pre- 
dominant form. 

Probably the best use for this soil is pasture. Where it oceurs 
in areas that are normally cultivated,it can be used for cultivated 
crops. In pastured areas Bermudagrass, paspalums, or kikuyu form 
a sod dense enough to control washing effectively. No data comparing 
the carrying capacity of this soil with that of the gently sloping phase 
were obtained, but pastures on this phase are affected more by dry 
weather than those on the gently sloping phase. In general, pastures 
on this soil should be well suited to fattening cattle and at least mod- 
erately productive. 


Manana silty clay loan, eroded moderately steep phase (12 to 30 
percent slopes) (M2r).—"This soil has such strong slopes that use of 
machinery is very difficult. In practically all places, the original 
A, and A; horizons have been lost. The compact B; layer is therefore 
exposed, and in most places a moderately developed granular A, 
horizon has been established in this layer. 
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A moderately large part of the soil was once used for pineapple, 
but practically all of it is now in pasture. The eroded condition and 
the difficulty of using machinery on such strong slopes probably 
contributed to abandonment for pineapple. 

Bermudagrass and Natal redtop are the dominant pasture species. 
Kikuyu should be admirably suited because it is aggressive and estab- 
lishes itself in relatively poor sites. Generally an A; horizon has de- 
veloped that provides a rooting zone for most grasses. Pastures on 
this soil are probably considerably less productive than those on the 
gently sloping phase, but the forage produced should be of moder- 
ately high quality. 

Management of this strongly sloping soil is difficult. It is highly 
important that a dense sod be established and maintained. Lantana 
and guava quickly infest pastures that are improperly grazed, and 
these pests are hard to control because of the steepness of slope. 
Nevertheless, machinery can be used in most places for mowing new 
growths of lantana and guava, or for eradicating established stands. 


KOLEKOLE SERIES 


The Kolekole series consists of red soils with silty A; horizons and 
compact B; horizons derived from alluvium. They are confined to 
the vicinity of Schofield Barracks on the island of Oahu. Altitudes 
range from 500 to 1,200 feet, and precipitation is between 30 and 40 
inches annually. The series is entirely within vegetation zone C,. 

The soil profile is very much like that described for the Manana 
series. Generally the compaction of the B, horizon is not quite so 
great, but sufficient to retard movement of water through it. Water 
tends to move laterally within the A; horizon after rains. 

Modal profile of the Kolekole series: 

Ay, Oto 9 inches, dark reddish-brown silty clay loam; moderately developed 
medium granular structure; friable when moist and nonplastic when wet; 
pH 5.5 to 6.5; roots very numerous; commonly contains small glistening 
particles and has a slightly purplish east. 

A: 9 to 16 inches, red silt loam of weak medium crumb structure; loose in 
place, very friable when moist, and nonplastie when wet; pH 5.0 to 6.0; 
may contain small iron concretions; roots numerous. 

B. 16 to 30 inches, red silty clay; compact in place; moderately developed 
medium blocky structure; firm when moist and nonplastie when wet; 
pH 5.0 to 6.0; few roots. 

Bs or © 30 to 42 inches, red silty clay similar to that of the B; horizon but 
less compaet &nd contains soft weathered pebbles. 

Ca 42 inches +, weathered alluvium consisting of soft weathered gravel 
that retains the original structure of the rock embedded in a matrix 
of fine alluvium; this rests unconformably on weathered bedrock (D) 
at depths ranging from 4 to several tens of feet. 

Variations within this series are similar to those described for the 
Manana series. At the lower clevations the soil grades into soils of 
the Kunia series of the Wahiawa family. At the higher elevations it 
has a distinctly purplish cast in the upper horizon, which is character- 
istic of soils that have a concentration of resistant heavy minerals. 
The thickness of the A, and A, horizons varies considerably, but the 
compact B, horizon generally occurs above 24 inches. 


Kolekole silty clay loam, gently sloping phase (2 to 8 percent slopes) 
(Kxv).—This phase occurs mainly at the lowest elevations where the 
Kolekole soils join the Kunia soils near Schofield Barracks. A very 
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large part of the soil is used for pineapple, and it is considered at least 
fair for that use. At the time of survey, yields were reported to be 
slightly inferior to those obtained on the Wahiawa soils, but generally 
not so low as those obtained on the similar phase of Manana silty 
clay loam. 

Data were not obtained on iron deficiency, but it probably is not 
so great a problem on this Kolekole soil as it is on the adjacent Kunia 
soils. Although this soil is moderately well supplied with nitrogen, 
intensive nitrogen fertilization is required for efficient crop production. 
This soil is known to be deficient in available phosphorus and replace- 
able potassium. 

This phase is fair to good for pasture. It occurs in a relatively 
dry region where rainfall i is less uniformly distributed than on the 
soils of the Manana series. Never theless, the rainfall is adequate to 
support a stand of perennial grasses, among which Bermudagrass 
and Natal redtop are most important. Paspalums are suitable for 
introduction. Pastures on this soil should be of relatively high quality 
for fattening cattle. Lantana is probably the most serious pest in 
pastures, but this soil is admirably suited to its control. 


Erosion was not so apparent on this phase as on the comparable 
phase of Manana silty clay loam. Reasons for the difference are not 
apparent. In some places, however, erosion is active, and it would 
appear that contour cultivation is a minimum requirement for its 
control, even on these gentle slopes. In pastured areas good pasture 
management should provide a sod heavy enough to control washing. 


Kolekole silty clay loam, sloping phase (5 to 15 percent slopes) 
(Kxz).—In this phase are the most strongly sloping areas of Kolekole 
silty clay loam. The phase generally occurs at higher elevations, and 
in it the purplish cast of the A: horizon is most apparent and the silty 
or very fine sandy A, horizon is least distinct. This phase is mndi 
eroded to some extent, but not so severely as the comparable phase 
of Manana silty clay loam. 

A small part of this soil is used for pineapple. Because it occurs at 
higher elevations, it is generally regarded as inferior to the gently 
sloping phase. Management practices used are the same as on the 
gently sloping phase, but this soil should have more intensive practices 
for control of runoff. 

A large part of the total area is used for grazing. In these areas 
Bermudagrass ts dominant in most places, but Natal redtop may occur 
in unimproved pastures. Paspalums are well adapted, and so is 
kikuyu. The pastures produce herbage of high quality for fattening 
cattle. Machinery can be used with only moderate difficulty, which 
allows ranchers to control noxious shrubs such as lantana. Guava also 
grows 1n some places. 


RED DESERT SOILS 


The Red Desert soils oceur in very dry regions. They have solums 
that are not strongly eluviated. Development of the A; horizon is very 
weak, and there is an accumulation of calcium carbonate in the subsoil. 
The surface layer, 2 to 5 inches thick, is a reddish-brown or brown 
crumb-structured very friable loam or sandy loam that contains low 
amounts of organic matter. This is underlain by reddish-brown or 
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brown friable weakly prismatic loam or sandy loam that grades to a 
horizon of lime accumulation within the parent material of volcanic 
ash. 

Red Desert soils occur on the islands of Hawaii, Maui, and Oahu 
at altitudes of less than 2,500 feet. They receive 5 to 20 inches of 
precipitation annually. Their relationships to other soils of the 
Hawaiian Islands are shown in table 17 in the section on Relationships 
Among Soils of Hawail. 

These soils have been included in the Red Desert group, although 
they differ from typical Red Desert soils of the continental United 
States in important respects. They lack the distinct increase of clay 
in a B horizon; carbonates occur at greater depth; and the clay 
minerals present are probably kaolinitic instead of montmorillonitic. 


SOILS OF THE KAWAIHAE FAMILY 


In the Kawaihae family are light-colored red or reddish-brown soils 
of arid regions. Growth of vegetation is not sufficient to allow develop- 
ment of strong Ai horizons. In most places the A: horizon is barely 
visible. To some extent calcium carbonate has accumulated some- 
where within the profile. 

The carbonate accumulations appear because there is not enough 
rainfall to wash free carbonates completely from the soil. The soils are 
derived from young materials, and the proportion of unweathered 
primary minerals in the solum is high. These soils have been placed in 
the Red Desert group although their carbonate accumulations are 
generally deeper and their clay mineral assemblage is different from 
that of typical Red Desert soils. 

Soils of the Kawaihae family occur on the islands of Hawaii, Maui, 
and Oahu at elevations ranging from sea level to 2,500 feet. The 
annual precipitation ranges from 5 to 20 inches. The soils are entirely 
within vegetation zone A as defined in the section on Soils and Vegeta- 
tion. The relationships of the Kawaihae family to other soil families of 
Hawaii are shown in table 17 in the section on Relationships Among 
Soils of Hawan. 

These soils have a very weak A, horizon, commonly from 2 to 5 
inches thick, that is reddish brown or brown, crumb-structured, and 
very friable. In most places there is a pavement of reddish-brown 
coated stone fragments on the surface and partly embedded in the soil. 
Textures of the Ai horizon are generally loam or sandy loam, but in 
some places may be as heavy as silty clay loam. The pH values in 
this upper layer range from 7.0 to 7.5. The A: is underlain by 8 to 20 
inches of reddish-brown or brown, friable, weakly prismatic loam or 
sandy loam having a pH of 7.0 to 8.0. Below that is an accumulation 
of calcium carbonate either as a definite soil horizon or as coatings on 
rock fragments. This zone of carbonate accumulation ranges from 2 
to 20 inches in thickness. The parent material—volcanic ash— 
commonly contains thin layers or nodules of free carbonates. 

Growth of vegetation is limited by low total annual rainfall that is 
unevenly distributed. In 4 to 7 months of the year there is less than 
an inch of rain per month; and from 9 to 10 months, there is less than 
2 inches per month. This kind of rainfall limits vegetation mainly to 
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annual grasses, small herbaceous plants, and shrubs. Some of the 
deeper rooted shrubs are perennial. 

The amount of organic matter returned to the soil in any given year 
is small, and it decomposes rather rapidly under the high temperatures 
that prevail. The vegetation therefore is poor as a cover crop; nitrogen 
is lost and a low organic-matter content results. 

Three soil series are included in the Kawaihae family: Two are 
derived from volcanic ash, and one from alluvium washed from semi- 
consolidated volcanic ash and cinders. Table 71 gives the relation- 
ships of the three series. 


USE AND MANAGEMENT 


Practically all of the soils of the Kawaihae family are used for graz- 
ing. They occur in areas where rainfall is not sufficient for crop 
production, and in most places irrigation water is not available. Also, 
most of the areas are very stony or shallow to bedrock. Deep, non- 
stony soils are included in a few places; these would be excellent 
cropland if irrigation water were available. 

The vegetation on these soils consists of lowland shrubs and asso- 
ciated annual grasses. Algaroba is particularly conspicuous below 
levels of 1,000 feet, but on these soils the growth is much smaller in 
size and less dense than on the coastal flats where ground water is 
available. Other shrubs are, koahaole, ilima, and klu—an undesirable 
thorny bush. Klu and ilima are widely distributed but normally do 
not form thickets dense enough to be troublesome. Perennial grasses 
are almost entirely absent. Bristly foxtail, swollen fingergrass, and 
feather fingergrass are common annuals that spring up during the 
rainy season. Piligrass occurs as an annual in this region. All of 
these species are exotics, and their growth is considerably affected by 
grazing management. Of all these plants, algaroba provides the most 
valuable forage. The ripe algaroba pods that drop from June to 
November are excellent high-protein feed. Pili is probably the best 
grass for grazing, but bristly foxtail is good forage, and swollen finger- 
grass and feather fingergrass, although not first-class forage, produce 
some feed where other species will not grow. 

Except for algaroba, the forage plants grow only during the wet- 
test months. They spring up rapidly after rains and provide good 
feed for a short time. During the long dry season they produce 
practically no forage. Fortunately, the fruiting of algaroba occurs 
during the driest part of the year. 

On some of the deeper soil areas, the pasture is excellent for a short 
time during the wettest part of the year. On the shallow stony areas, 
moisture becomes limiting quickly after rains. Locally, in small 
depressions where runoff concentrates, koahaole and piligrass can be 
established as perennials. 

The most common practice is to move the breeding herd and 
calves to the algaroba when the beans begin to drop and to remove 
them at the end of the fruiting season. Some grazing is done during 
the winter months when rainfall is more plentiful, but for the rest of 
the year cattle are normally moved to areas that receive more rainfall. 

The location of these soils on the dry leeward sides of the mountains 
practically eliminates any possibility of irrigating them for crops. 
The cost of supplying water is probably prohibitive, considering the 
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Tasim 71.—Key, modal profile, and environment 


Modal profile 


Horizon Color (dry) 
" n T7 "ul 
Key Series Range in depth 
ro fo— "Texture 
er ERE ` 
sym- T Name i Munsell 
bol | Upper | Lower 
! limit | Hmit i 
rence - =| — ls ——— 
A. Derived from vol- | 
canic ash; Inches | Inches 
A pavement of reddish-brown coated stone 
EU Reddish brown. PU Mine sandy | 
addi MN S j 2.5Y R 3/4. oam. 
L Reddish-brown | Kansi |o m | 3.6] G27 |..... do... sYR43- — |. do... 
soils. ae. j 2.5Y R 4/4, | 
| Do | 18-27 | 18-30 | Gray calcium carbonate coating on rocks and 
*D 6-36 |........ Bedrock lava, slightly decomposed on surface, 
| | A pavement of reddish-brown coated stone 
Ay l. 2-4 | Brown Ii cers 5/4- Loam......... 
5/2. 
B 6-25 |...-.d0._....-....] 10YR 4/3- Fine sandy 
j e | 5/3. i 
2. Brown soils......| Makena. Be 18-26 | 13-36 | Yellowish brown| 10Y 5/0-5/8. . 
1) 
y P 6-36 11... A gray incrustation of carbonates at contact with 
2 
*D 6-36 |... Bedrock lava, relatively unweathered and 
B. Derived from Ap... 2-8 | Brown.. .......| I0Y R 4/3-5/2 | Gray silt loam- 
alluvium wash- B 2-8 9-12 | Dark yellowish | 10Y R 4/4-4/6 i... do... ...- 
ed from semi- | Koko... brown. 
consolidated. C 9-12 |........ Yellowish brown| 10Y R 5/6-5/8 | Gravel washe 
voleanic ash deposits. carbonate 
and cinders. 


*D horizon replaces all of Boa and lower part of B where bedrock is at shallow depth. 


limited acreage suitable for machine cultivation. Eventually it may 
be feasible to irrigate limited areas, but practically no irrigating was. 
done at the time of survey. 


KAWAIHAE SERIES 


In the Kawaihae series are reddish-brown soils derived from volcanic 
ash. They are confined to the island of Hawaii, where they occur at 
elevations ranging from sea level to 2,000 feet. They receive 5 to 20 
inches of precipitation a year and are entirely within vegetation zone À. 


Soils of the Kawaihae series are relatively coarse-textured; they 
range from loams to fine sandy loams. The inorganic material in 
the solum has a high content of unweathered primary minerals. The 
A, horizon is very weakly developed, and a calcium carbonate accumu- 
Jation occurs at à depth of about 20 inches. 

A moderately deep profile of the Kawaihae series: 


A; O0 to 4 inches, reddish-brown fine sandy loam; weak modium prismatic 
to moderate medium crumb structure; very friable when moist or dry 
and nonplastic when wet; pH 6.5 to 7.5; a pavement of polished stones 
and pebbles is on the surface; roots numerous. 

B 4 to 18 inches, reddish-brown fine sandy loam; weak medium prismatic 
structure; very friable when moist or dry, and nonplastie when wet; 
pH 7.0 to 8.0; few roots; very stony. 

Bea 18 to 24 inches, reddish-brown fine sandy loam either with a grayish 
cast because of calcium carbonate accumulation or with light-gray 
encrustations of calcium carbonate on the numerous rock fragments; 
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of soil series of the Kawaihae family 


Modal profile—continued Environment 
cons i Vege- 
Ser ee Consistence K Yearly MTE H 
Structure noist) pH Remarks Island rainfall) Elevation tation 
| | | Inches Feet 
fragments, partly embedded in horizon A.. 1 
Weak medium | Very friable__._.|6.5-7.5 | 
| prismatic. i 
EE Hawaii. 5-20 0-2, 000 | A. 
i | 
extending into cracks in bedrock 
and uneonformable with overlying ash... 
fragments, partly embedded in horizon A.__.....-.-----.2 22 
Weak thin platy..| Very friable..... 6.5-7.5 
Weak medium |.....do_...__._.|7.0-8.0 
prismatic. is = T 
Crumb... ssl Bend 18. 0-8.3 Maui...: 10-20 0-2, 500 | A. 
Df plns ET 
unconformable with overlying ash....... .- eie 
| Weak thin platy--| Very friable E 
Weak fine erumb. |... do... i 
Oahu...| 10-20 0- 200 | A. 
from semiconsolidated ash and cinder; locally includes pockets of 
accumulation. 
| 


this horizon may be absent, and if it is, the accumulation of calcium 
carbonate generally occurs at the contact with bedrock (D) and extends 
into erevices in the lava. 

D 24 inches +, lava bedrock, generally with lime encrustation on the 
surface or in cracks. 

Most soils of this series are only about 8 or 10 inches deep, but the 
range is from 4 or 5 inches to as much as 40 inches. Irregularly shaped 
loose stones about the size of cobbles are scattered over the surface. 
Characteristically there has been considerable erosion by wind and 
water, so the soils are variable in depth and, as mapped, inelude small 
areas where local alluvium has been deposited in small depressions or 
along the sloping drainageways. 

The surface layer is whipped by wind and piled around clumps of 
grass or small shrubs. These clumps may hold 3 to 6 inches of loose, 
fluffy, reddish-brown material that consists partly of slightly decom- 
posed organic matter. In the intervening areas, the organic material 
is almost entirely swept away. Generally almost 50 percent of the 
total area is barren, and even after rains à large part of the total area 
does not have a eover of vegetation. 


Kawaihae stony loam, sloping phase (5 to 15 percent slopes) (K2T).— 
This phase is typical of the Kawaihae series as heretofore described. 
It is used almost entirely for grazing. The ranchers report that from 
20 to 30 acres are required per head. Shortage of drinking water is 
a problem throughout most of the area, and water for cattle has to 
be piped long distances. Most of the forage is produced on small 
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level areas or in local depressions where soil material has accumulated. 
In these areas algaroba makes its greatest growth and the annual 
grasses form an almost continuous cover during the wetter parts of 
the year. On the intervening areas, algaroba is small and widely 
spaced. Not more than half of the total area is covered with grasses 
during the wet part of the year. Piligrass is the most common species; 
feather fingergrass and swollen fingergrass are associated with it 
throughout most of the area. The forage produced is of high quality 
but the total amount is very low. 


Kawaihae stony loam, moderately steep phase (12 to 25 percent 
slopes) (X2s).—This soil probably averages less than 6 inches deep; 
it is generally shallower than the sloping phase. Erosion is more 
active on it than on the sloping phase, and considerably more than 
half of its area is barren. Also, there are relatively few level areas or 
small depressions in which wash from the sloping soils has accumu- 
lated. The carrying capacity is considerably lower than that for the 
sloping phase. Plants growing on this soil are similar to those on 
the sloping phase. They produce an extremely small amount of 
high-quality forage, as growth is limited to short periods after rains. 


MAKENA SERIES 


The Makena series consists of brown soils that have calcium carbon- 
ate accumulations. They occur in dry regions on the southernmost 
part of Halaeakala on the island of Maui. They are found at eleva- 
tions ranging from sea level to 2,500 feet in vegetation zone À. "They 
receive an annual precipitation ranging from 10 to 20 inches. 

The soil profile is similar to that of the Kawaihae series, except 
the solum is brown instead of reddish brown. Because the volcanic 
ash on Halaeakala is younger than that on the slopes of Mauna Kea 
on the island of Hawaii, it seems probable that soils of the Makena 
series differ from those of the Kawaihae because of difference in age. 
Otherwise, the profiles for the two series are very similar. 

À moderately deep profile of the Makena series: 

A: 0 to 3 inches, brown loam or silt loam; weak thin platy to fine crumb 
structure; very friable when moist or dry, and nonplastic when wet; pH 
6.5 to 7.5; roots numerous; generally has a mantle of loose stones at the 
surface. 

B 3 to 18 inches, brown loam or fine sandy loam; weak medium prismatic 
structure; very friable when moist or dry, and nonplastie when wet; 
pH 7.0 to 8.0; generally very stony; roots present but decrease rapidly 
with depth. 

Bea 18 to 24 inches, yellowish-brown fine sandy loam or loam; weak medium 
crumb structure; very friable; shows a grayish cast because of caleium 
carbonate disseminated through the horizon or has coatings of calcium 
carbonate on the rock fragments; layer may be absent, and if so, there 
generally is calcium carbonate encrustration on the surface or in the 
crevices of the underlying unconformable bedrock (D). 

D 24 inches +, lava bedrock with carbonate encrustations on the surface 
and in cracks; commonly this D horizon entirely replaces the Bea. 

Makena loam and silt loam, phases undifferentiated, is the only 
unit of the series mapped. Inasmuch as the soil occurs entirely 
within the region surveyed in reconnaissance, it was impossible to 
delineate accurately the various phases based on slope and depth. 


Makena loam and silt loam, phases undifferentiated (5 to 15 percent 
slopes) (Mv).—The profile of this mapping unit is that described for 
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the Makena series; the principal variation is in depth to bedrock. 
The texture of the surface layer varies from loam to silt loam. ‘The 
B horizon is generally a fine sandy loam or loam. 

The soils vary greatly in depth from place to place, but are mainly 
from 12 to 20 inches thick over solid unconformable bedrock of Aa 
lava. On such profiles the Bea horizon may be entirely lacking, 
and the lime accumulation is in the cracks of the bedrocks. Loose 
stones and gravel are scattered over the surface of most of the area, 
and bedrock outcrops are common. 

To a large extent the topography is knobby to rolling; it conforms 
with that of the underlying rough flows of Aa lava, and in a few 
small areas, slopes exceed 15 percent. Included, however, are a few 
small nearly level areas of deep soil that have few stones on the surface. 

Except in those few areas most nearly level and stone-free, this 
unit is not suited to use of machinery for cultivation. Rainfall 1s not 
enough to support cultivated crops, and the soil is so far removed 
from good sources of water that irrigation generally is not feasible. 
Probably even the most favorable areas will never be used for crops. 
Essentially all of the land is used for grazing. 

The carrying capacity of this mapping unit is low, and in most 
places is comparable to that described for the Kawaihae soils. At 
the highest elevations it has a more nearly continuous ground cover 
than is normal for the Kawaihae soils, but in most of the areas one- 
fourth to one-half of the soil is barren. Erosion is active in most 
areas. The wind blows the loose, fluffy material of the uppermost 
layer into heaps around small clumps of grass or shrubs.  Pilgrass, 
feather fingergrass, swollen fingergrass, and bristly foxtail are the 
more prominent species. At the lower elevations algaroba is present, 
but it generally makes limited growth and produces much less fruit 
than it does on the coastal flats 

This unit produces a very limited amount of forage, but it is good 
for fattening cattle. The grasses produce best during winter and 
spring when rainfall is most plentiful. The algaroba pods provide 
some forage in summer and early in fall. As on the Kawaihae soils, 
a large part of the total forage produced by both the grasses and 
algaroba grows in the small flats or local depressions ¡where soil mate- 
rial washed from the adjacent stony soils has acecumulated. These 
are the areas best suited to pasture improvement. 

It was noted that piligrass was generally biggest on the most stony 
areas. Probably this results because the stony areas are grazed the 
least. Cattle tend to feed on the areas of deeper soil where growth 
is most vigorous. Cactus is very prominent on this unit, and on the 
stony land it forms dense thickets that almost exclude other plants. 
It was reported that cattle raised entirely in this vegetation zone 
may subsist on cactus fruit, in spite of its thorniness, when other 
forage is not available. This soil is suited to the most extensive 
grazing methods that can be feasibly practiced. 


KOKO SERIES 


The Koko series consists of Red Desert soils derived from alluvium 
that has been washed from deposits of volcanic ash and cinders. 
They were mapped only near Koko Head on the island of Oahu. 
The soils are at elevations that range from sea level to 200 feet in 
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vegetation zone À; they receive an annual precipitation ranging 
from 10 to 20 inches. 

The soil profile is similar to those of the Kawaihae and Makena 
series, except the subsoil is yellowish brown and the underlying 
material is deep slightly to moderately weathered alluvium. The A; 
horizon is thin and poorly defined; the underlying B horizon is free of 
carbonates. Calcium carbonate accumulations occur as discontin- 
uous pockets in the underlying parent material, and only rarcly as a 
continuous horizon. 

Modal profile of the Koko series: 

A; 0 to 3 inches, brown silt loam or silty clay loam; weak thin platy structure; 
very friable and nonplastic; pH 6.5 to 7.5; roots numerous. 

B 3 to 11 inches, dark yellowish-brown silty clay loam to loam; weak fine 
crumb structure; very friable and nonplastic; pH 7.0 to 7.5; roots present. 

C 11 inches +, yellowish-brown gravelly loam alluvium washed from 
deposits of volcanic ash and cinders; eindery material commonly prom- 
inent; includes pockets of calcium carbonate, but seldom a definite 
continuous horizon of accumulation; extends to variable depths, gener- 
ally more than 5 feet. 

Koko silt loam, phases undifferentiated (2 to 15 percent slopes) 
(Kxw).—In this mapping unit are areas underlain by alluvium 
washed from Koko crater on the island of Oahu. Slopes are generally 
long and uniform. The surface texture ranges from silt loam to loam. 
The subsoil—ranging from loam to a silty clay loam in texture—is in 
most places quite similar to the subsoil described for Koko silty clay 
loam, phases undifferentiated. 


A fairly large part of the total area is gravelly or cobbly, but an 
appreciable acreage is essentially free of stone fragments. Included, 
at the foot of steep slopes and along drainageways, are areas of 
gravelly brown loamy sand formed from loose gritty recent alluvium 
or colluvium. The most common profile, however, is that described 
for the Koko series. 

Like other soils of the Kawaihae family, this unit is in a region so 
dry it will not support cultivated crops without irrigation. ‘The 
stone-free areas would be admirably suited to cropping 1f water were 
available. A fairly large part of the total area is idle. Urban devel- 
opment has expanded onto this unit, and flowers and vegetables do 
well when water is supplied. "This unit is better for pasture than 
most areas of Kawaihae or Makena soils. It supports relatively heavy 
stands of algaroba, which fruits heavily.  Piligrass, bristly foxtail, 
feather fingergrass and swollen fingergrass are among the principal 
grass species. "They generally form a more nearly continuous cover 
than is found on either Kawaihae or Makena soils. In productivity 
of pasture, this untt is more nearly comparable to areas of Kawaihae 
soils in which local alluvium has accumulated than to the areas of 
Kawaihae or Makena soils in general. 


Koko silty clay loam, phases undifferentiated (1 to 5 percent slopes) 
(Kxx).— This unit is mapped in the more nearly level areas of local 
alluvium washed from Koko Crater. It occurs where the finest 
textured material has been deposited. Generally it has a deep deposit 
of gravel-free material, and a larger part of it than of Koko silt loam, 
phases undifferentiated, is free of stones. Commonly the subsoil is 
somewhat compact on slopes high up on the crater, but less compact 
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near the sea. In the lower lying and more nearly level areas, recent 
alluvium has contributed to the soil in many places. 

Rainfall is so low that cultivated crops cannot be grown without 
irrigation. Urban developments have expanded onto this unit, and 
vegetables and flowers do well when water is supplied. The charac- 
teristic vegetation consists of fairly dense stands of algaroba in 
association with piligrass, bristly foxtail, feather fingergrass, and 
swollen fingergrass. Like Koko silt loam, phases undifferentiated, 
this unit produces considerably more forage than most soils of the 
Kawaihae and Makena series. It supplies moisture for plants for 
longer periods after rains than do the shallow stony Kawaihae and 
Makena soils, and algaroba contributes much greater quantities of 
fruit. Like the Koko silt loam, phases undifferentiated, this unit is 
more nearly comparable to small areas in the Kawaihae or Makena 
series where local alluvium has accumulated. 


UNDIFFERENTIATED UNITS 


Very shallow soils of the Kawaihae family that occur in association 
with a high proportion of bedrock outcrop have been mapped in the 
undifferentiated units described next. 


Kawaihae family, very shallow phases—Aa lava complex (2 to 15 
percent slopes) (K258).—Mapped in this unit are areas having a thin 
mantle of volcanic ash over rough broken Aa lava. Soils typical of the 
Kawaihae or Makena series have developed in the deeper pockets, but 
barren bedrock outcrop, generally rough and broken, occupies 30 to 
50 percent of the land surface. On the island of Hawaii the soil in 
the deeper pockets is comparable to that of the Kawaihae series, but 
on the island of Maui it is more like that of the Makena series. The 
soil material is generally thin over the unconformable slightly weath- 
ered or unweathered bedrock of Aa lava, but in places it extends into 
cracks and crevices in the broken lava and provides considerable 
volume for storage of moisture. 

This unit occurs entirely withm vegetation zones used for grazing 
and is suitable for no other use. It has very low carrying capacity 
but provides forage of high quality. Algaroba is scattered throughout, 
but the growth is small and stunted except in places nearest sea level. 
Piligrass, feather fingergrass, swollen fingergrass and bristly foxtail 
are the dominant grasses growing in association with the alearoba. 
The small shrub, ilima, is conspicuous in almost all areas. Vegeta- 
tion is confined to the deeper soil pockets. The grasses spring up 
rapidly after rains, but pastures dry up quickly after the rains stop. 
The carrying capacity is much lower than that for soils of the Kawai- 
hae or Makena series. In some places it is difficult for cattle to get 
over the area because of the rough outcrops of bedrock. 


REDDISH BROWN SOILS 


Soils of the Reddish Brown great soil group have carbonate accu- 
mulations and a well- -developed A; horizon. They occur in semiarid 
and subhumid regions where the native vegetation is principally 
grasses. The surface 8 or 12 inches is dark reddish brown or very 
dark brown loose very friable crumb-structured, and high in organic 
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matter. This overlies reddish-brown or yellowish-red friable crumb- 
structured to weakly prismatic material that grades to a zone of 
calcium carbonate accumulation at depths near 30 inches. The 
parent material is voleanic ash. 

These soils are mapped on the islands of Hawaii, Kauai, Maui, 
Molokai, and Oahu at altitudes less than 4,000 feet. The annual 
precipitation ranges from 20 to 60 inches. The relationships to other 
soils of the Hawaiian Islands are shown in table 17 in the section on 
Relationships Among Soils of Hawaii. These soils differ in certain 
important respects from Reddish Brown soils of the continental 
United States and probably belong to another, yet unrecognized, 
great soil group. They lack the distinct textural B horizon of Reddish 
Brown sous, and their clays are probably kaolinitic rather than 
montmorillonitic. 


SOILS OF THE WAIKALOA FAMILY 


The Waikaloa family consists of dark-colored soils of the semiarid 
and subhumid grasslands. They have been placed in the Reddish 
Brown great soil group although there are important differences be- 
tween them and soils previously studied and classified as Reddish 
Brown soils. They are on the islands of Kauai, Hawaii, Maui, Molo- 
kai, and Oahu at elevations ranging from sea level to 4,000 feet; 
receive from 20 to 60 inches of rainfall per year; and occur mainly i in 
vegetation zone B but extend slightly into vegetation zone C. The 
relationships of the Waikaloa family to other soils of the Hawaiian 
Islands are shown in table 17 in the section on Relationships Ámong 
Soils of Hawaii. 

Soils of the Waikaloa family receive rainfall that permits the accu- 
mulation of a relatively large amount of organic matter in the upper 
part of the profile but has not removed carbonates from the profile. 
The organic matter contributes to a well-defined A, horizon, generally 
8 to 12 inches thick but without a sharply defined lower limit. The 
dark-colored A, horizon is an outstanding characteristic of these soils. 
The A, grades gradually to a reddish-brown or to a yellowish-red 
friable B horizon that is erumb-structured or weakly prismatic. At 
depths generally near 30 inches there is & zone of carbonate accumu- 
lation appearing either as a definite soil horizon or as an encrustation 
on rock fragments. There is a high proportion of unweathered pri- 
mary minerals throughout the solum. The parent material is young 
volcanic ash. 

Data presented by Sherman (see p. 119) indieate relatively uniform 
chemical composition throughout the solum. Except for the accu- 
mulation of calcium carbonate in the lower part, the percentage com- 
position of the various constituents in the solum is nearly that typical 
for Hawaiian lavas. Cation-exchange capacities are generally high, 
considering the texture of the soils in relation to other soils of the 
Hawaiian Islands. The colloids are relatively high in percentage base 
saturation. The pH values are above 6.0 throughout the solum and 
in many places are above 7.0. From the foregoing, it can be seen 
that there has been relatively little translocation of materials other 
than bases. There is no evidence in the solum itself that these soils 
are not in equilibrium with their environment. If, however, we com- 
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pare these soils with others derived from lava and receiving similar 
rainfall, it appears that they may be developing into the more acid, 
highly weathered, and relatively strongly leached kind of soil that 
appears near the wet limits of the Low Humic Latosol group. On the 
basis of their present characteristics, however, they are somewhat 
similar to very young Reddish Brown or Reddish Chestnut soils of the 
Great Plains area in the continental United States. 


The characteristic dark color of the A; horizon can be explained by 
a distribution of rainfall that permits some growth of vegetation most 
of the year. Only 2 or 3 months have an average precipitation of 
less than 2 inches. On the other hand, 9 to 12 months have an 
average monthly precipitation of less than 3 inches. The rainfall ap- 
parently allows a cover of vegetation that draws heavily on the sol- 
uble nitrogen as it is released, and thereby decreases loss of nitrogen 
and contributes to the accumulation of humus. 


Table 72 shows the relationships among the four soil series of this 
family. 
USE AND MANAGEMENT 


Soils of the Waikaloa family occur in areas normally too dry for 
cultivated crops. Soils of the Waikaloa series of this family—at 
highest elevations—probably could be used to some extent for vege- 
tables and various field crops. On the island of Hawaii field crops are 
grown on soils adjacent to those of the Waikaloa series that receive 
only slightly more rainfall and are at slightly higher elevations. 
Vegetables and some fruits are grown on soils of the Waikaloa family 
near the Anahulu Homesteads on the island of Hawaii, but most of 
this cultivated area is being converted to improved pastures. Rain- 
fall is normally not enough to assure dependable crop production 
without irrigation. Probably the soils of this family at low elevations 
would be well suited to pineapple, but that crop is not grown on them. 
Practically all the area is grazed. 

The pH values and the high proportion of unweathered primary 
minerals throughout the solum indicate that soils of this family are 
well supplied with bases. The limited chemical data show that the 
soils are high in available potassium and calcium and medium to high 
in available magnesium. Rapid chemical tests indicate that phos- 
phorus supplies range from very low to medium. Total supplies of 
nitrogen are moderate or high, and under the climate in this zone, 
nitrification should be rapid. These must be considered among 
the more fertile soils of the Hawaiian Islands. 

Part of the small area of these soils that occurs on the island of 
Kauai was used for cane at the time of survey. "The soils are shallow 
and stony, however, and characteristic of the many areas being retired 
from cane because costs of hand labor are high. Areas of deep soil 
&t the lower elevations would be well suited to sugarcane if water 
were available. Irrigation is essential for cane production on any of 
these soils. 

Soils of this family extend from the vegetation zone where annuals 
predominate and produce highly seasonal grazing, through the zone 
dominated by Natal redtop and its associates, and into the zone where 
Bermudagrass dominates. 
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Taste 72. —Ke, modal profile, and 


Modal profile 
Horizon 
Key Series Rangein depth 
Let- to— Texture 
TeP- rere ra C 4 T 
sym- 1 Name Munsell 


bol | Upper | Lower 
limit i limit 


A. Derived from 
volcanic ash; Inches | Inches 
An |. 2-3 | Very dark JOY R 2/2. Fine sandy 
brown. loam. 
Av 2-3 8-12 | Dark reddish 5Y R 3/2-3/4 -. do... 
brown. 
B 8-12 9-36 | Reddish brown. | 5YR 4/3-4/4.] ~.. do... ... 


Bea] 27-36 | 27-48 | Light reddish SYR 6/3-0/4.]..... do..... —-— 
brown. 
*D 9-50 |------- Basalt or andesite bedrock, 
volcanic ash. 


Eosses 5- 6 | Very dark SYR 3/2-3f3 ine sandy 


1. With moderate 


organic accu- 
mulation in | Pa. 


the Ai. 


ith carbonate 


brown. loam. 

j| Aig 5-6 $-15 | Dark reddish SYR 3/3-3/4 |..... ds. cores 
brown, 
B 9-15 | 27-36 | Yellowish red...| 5YR 4/6-4/8.| Lo&m........ 


Beat 27-86 | 30-45 | Pinkish gray... | 7. are 6/2- Silt loa. ... | 
e 30-45 |- -.| Reddish 7. a R 6/6- | Fine sandy 


yellow. 5/6. loam, 
*D TO YO pie-s-2 228 Basalt or andesite rock uneonformable with 


2. With strong 
organic accu- aika. 
inulation in Waika 
the Ar 


B. Derived from 


shallow vol- R a 4- 7 | Dark reddish 5 YR 3/2-3/3 | Clay logm..... 
canic ash Waiaha brown. 
mixed with a "| B 4-7 5-15 | Yellowish red.. | 5 YR 4/6-4/8_|_....do_ 
weathering Cc 5-15 | 5-18 | Gritty mixture of weathering ‘ash and rock 
rock frag- *D 0-18. noun Lava bedrock, very slightly weathered in the 
ments, 
Aij sessio 4- 7 | Dark brown.....| 10YR 4/3- | Silty elay 
3/2. loam. 
Ai 4-7) 9-15 Brown . .. |65YR4/6-4/8. .. .do......... 
C. Derived from 
wind-blown Pakini B2 9-15 | 27-36 | Yellowish red...| 5Y R 5/6-5/8.:..... Cl) M E 
loess-like silts Bells 
and sands. Ba | 27-36 | 48-54 | Reddish yellow .| 7.5Y R 7/6- Silt loam...... 
or 7/8. 
Cr | 
Cs 48-54 -.| Material similar to Ci but locally contains narrow 
Ay eese 5-10 | Dark reddish 2.5Y R 2j4- Silty clay 
D. Derived from | brown. 3/4. loam. 
volcanic cin- Uakakaa4 B 5-10 | 12-30 | Reddish brown.| 2.5YR 2/4- |..... dO uino 
ers, 3/4. 
Cc 12-30: eae Black voleanic cinders with occasional pockets of 


*Bedrock at shallow depth may replace part or all of the Bea or the C and part of the B horizon in these 


Pastures at lower elevations have the lowland-shrub type of vegeta- 
tion. The plant cover generally is good except on the steeper slopes 
and ridges. On the open range the forage is made up of many kinds 
of shrubs, grasses, and herbs. Of the shrubs, koahaole is particularly 
valuable; "often it can be established by seeding on open ground or in 
lantana thickets. Piligrass, a perennial in this lower vegetation zone, 
can be maintained without difficulty if it is rested periodically to 
permit reseeding. Natal redtop is one of the most prominent grasses. 
Annuals such as bristly foxtail, swollen fingergrass, and feather 
fingergrass that occur on soils of the Red Desert group are present, 
as well as a number of other important annuals, including several 
native panicums. 
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environment of soil series of the Watkaloa family 


| Modal profile—Continued | Environment 
i- ————— — 7 x SEE 
| | 
| 
i E Yearly " 
TUS Consistence Free car- ERE : Vegetation 
Structure (moist) pH bonates Island Tain | Elevation pin 
à i 
i i 
$ 4 
i | 
Inches Feet 
[Very fine crumb...) Loose. .........] 6.0-7.5 | None... 
-do............| Very friable..... 6.0-7.0 |. do....... | 
| Hawaii.| 20-35 200-3,000 | B (locally 
Weak coarse — |. Dr ep 6.5-7.5 1... do... Cy. 
prismatic. Mols- 25-35 0- 250 
Fine crumb..-...|..... do...........| 7.5-8.3 | Present... ..|| kai. 
l 
incrustation at the top; unconformable with the overlying 
Very fine cerumb..| Loose. .........- 6.0-7.5 | None........ 
usd do............| Very friable.....| 6.0-7.0 | ... do... 

Weak coarse steinana] GATS eck do.......|| Hawaii.| 25-35 | 2,000-4,000 | C» (locally 
prismatic. | . _B). 
Moderate me- — |... T6 ta PETEERE 7.5-8.3 | Abundant...|Maui...| 20-30 | 1,000-3,000 | Cs, B. 

| dium blocky. | 
Weak fine blocky.|_.___ do-.--..-----} 7.5-8.0 | Streaks | 
overlying soil, which developed from volcanic ash.. ------..- i 
Fine erumb. ....| Very friable... 6.0-7.0 | None..-..--- 
Hawaii. 25-50 0- 850| B. 
ji Crumb.__-------- Friable_ 6.0-7.0 .|[Kauai...| 35-60 © 300, B,C: 
fragments._.- ----- | 
upper few inches . Pe 
Fine erumb ...... 
Moderate me- | 
dium erumb, 
uf pd Hawai.| 20-00| 03,300 B, SURE 
Weak very fine Very friable..... 6.87.5 |.....do....... | 
crumb, i 
! 
bands of carbonate accumulation- ---- 
Moderate me- Very friable..... A 
dium crumb. 
ias do. ueste peer e cur Oahu...| 40-60 | 200-1,000 | B, Ci. 
caletum carbonate accumulation- .............. .----Streaks__! 
profiles. 


At these lower elevations cactus makes its best growth. Most 
ranchers consider it a pest and attempt to eradicate it. In some areas 
on the island of Hawaii, however, cactus is the only source of water 
for cattle during very dry years, and, in addition, has some feeding 
value. Koahaole, Guineagrass, and giant Bermudagrass are the 
species most commonly planted in improved pastures at these lower 
elevations. Lantana is a serious pest, so suitability of the land for 
machine eradication is important. At the higher elevations Bermuda- 
grass dominates and produces large amounts of good-quality forage. 
Considering the family as a whole, the forage is very good for fatten- 
ing cattle, but the quantity is not so satisfactory. This family is 


TABLE 73.—Suitability and physical limitations of soils of the Waikaloa family for mechanized agriculture 


Sorts WELL SUITED TO MECHANIZED AGRICULTURE 


Depth 
Soil family and mapping unit Slope Erosion Loose stones to | Principal physical limitations 
bedrock 
Waikaloa family, gently sloping phases: i Percent Inches | 
Pakini very fine sandy loam, gently sloping phase...! 3-8 | Slight... Do — 404-| None. 
Pakini silty clay loam, gently sloping phase........ | ach ecilscdOs s lllo sl cdocic iue 40+ Do. 


Sons MODERATELY WELL BUITED TO MECHANIZED AGRICULTURE 


Waikaloa family, sloping phases: 


Waikaloa fine sandy loam, sloping phase----------- 5-15 | Moderate.---- Few......... 30-+| Moderate slope. 

Waikaloa loam, sloping phase- ------------------- 8-15 leass COs. NEM E do__----- 30+ Do. 

Puu Pa very fine sandy loam, sloping phase- 5-15 j__--- QO —  — GO coe 30+ Do. 

Pakini silty clay loam, wind-eroded phase__.._.___- 2-18 | Bevere ccce lesse n KM 40--| Moderate slope, eroded con- 
dition. 

Ualakaa silty clay, gently sloping and sloping phases. 2-15 | Moderate... |... do... ... 30-+-| Moderate slope. 

Sors PooRLY SUITED TO MECHANIZED AGRICULTURE 
Waikaloa family, moderately steep and steep phases: 

Waikaloa fine sandy loam, moderately steep phase..| 12-30 | Moderate..... Few......... 20+] Strong slope. 

Waikaloa loam, eroded steep phase---------------- 25-50 OYOTO. eeu su eue ‘s(n 12-F| Very strong slope. 

Ualakaa silty clay loam, phases undifferentiated . . 5-40 | Moderate.... |. .... DW ES 30--| Moderate to steep slope. 


O8F 


IIVAAVH dO ANOLDBIWGL AO ADTAUAS Tos 


Sons Very POORLY SUITED OR Unsuirep TO MECHANIZED AGRICULTURE 


Waikaloa family, stony types: 


Waikaloa stony loam, sloping phase_._-..-.-.----- 5-15 | Moderate..... Very stony... 10--| Stoniness. 
Puu Pa stony very fine sandy loam, sloping phase. . 5-15 ..... dos. Ri Conner do... .. 12+ Do. 
Puu Pa stony very fine sandy loam, moderately 12-25 |..... do:-.2omll ied do....... 12--| Stoniness, strong slope. 


steep phase. 
Waikaloa family, very shallow phases: 


Waiaha sandy clay loam, very shallow phase over 5-20 |..... doses essea jo [o 4-12 | Stoniness, bedrock outcerop. 
a lava. 
Waiaha sandy clay loam, very shallow phase over 5-20 |..... do. [ewe dozasces¢ 4-10 Do. 
Pahoehoe lava. | | 
Waikaloa family, very shallow phases- ---.~----~--- |. 5-20 ..... dOsccisecluLd do. uou 4-10 Do. 
Waikaloa family, very shallow phases—-Aa lava 5-25 i... (M — —- Cr 0-10 Do. 
complex. 
Waikaloa family, very shallow phases—Pahoehoe 5-25 |..... do.2okL2ilig d6z-225 0- 6 Do. 


lava complex. 
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probably second to the excellent soils of the Reddish Prairie group in 
its value for fattening cattle. 

The suitability of these soils for use of machinery is highly important 
in good pasture management and would also limit crop production if 
water should become available for irrigation or pineapple growing 
should be introduced. Table 73 groups the soils according to their 
suitability for machinery. 


WAIKALOA SERIES 


The Waikaloa series consists of dark-brown soils of the grasslands 
on the leeward sides of Haleakala and Mauna Kea at altitudes of 
1,000 to 4,000 feet. They receive 20 to 35 inches of rain yearly, and 
are mainly in vegetation zone Cs but extend slightly into zone B. 

The soils have a strong organic accumulation in the upper part, 
but this gradually decreases with depth as it does in chernozemlike 
soils. Normally calcium carbonate has accumulated at a depth of 
about 30 inches as a distinct horizon or as encrustations on loose 
stones and in cracks and crevices of the underlying bedrock. The 
soils are derived from voleanic ash and have a high content of bases 
throughout the solum. 

A deep profile of the Waikaloa series: 

Aj 0 to 6 inches, very dark-brown loam or fine sandy loam: moderately 
developed very fine crumb structure; loose when moist or dry, and non- 
plastic when wet; pH 6.0 to 7,5; roots very numerous. 

Ay 6 to 12 inches, dark reddish-brown loam,or fine sandy loam; slightly 
lighter in color than the A; well-developed fine crumb structure; very 
friable when moist or dry, and nonplastie when wet; pH 6.0 to 7.0; roots 
very numerous. 

B 12 to 30 inches, yellowish-red or reddish-brown loam; weak coarse 
prismatic structure; very friable when moist or dry, and nonplastic 
when wet; pH 6.5 to 7.5; roots present. 

Bea 30 to 40 inches, pinkish-gray silt loam or loam; moderately or weakly 
developed medium blocky structure; very friable when moist or dry, 
and nonplastic when wet; few roots present; pH 7.5 to 8.3; grayish color 
is due to calcium carbonate accumulation. This horizon may be absent. 

C 40 inches +, reddish-yellow or yellowish-brown fine sandy loam from 
voleanic ash, generally with seams of calcium carbonate accumulation, 
calcium carbonate encrustations occur on rock fragments and on the 
underlying unconformable bedrock (D). 


The soils vary greatly in depth to unconformable lava bedrock. 
The shallower phases may have only a very thin B horizon immedi- 
ately above the bedrock and the calcium carbonate accumulation 
entirely as encrustations on the underlying rock. The deeper phases 
may have 5 feet of material over the bedrock, and in these the zone 
of carbonate accumulation generally appears as a distinct soil horizon. 
Even in the deep soils, however, the carbonate accumulation also 
may be confined to encrustations ‘on loose rocks or, in places, on the 
underlying bedrock. The B horizon varies from. yellowish red to 
reddish brown, but normally has some tinge of yellow. In most 
places the B horizon has a slightly finer texture than the parent 
material or the A horizon, but texture also is variable within short 
distances. The parent material is dominantly a fine sandy loam, 
but in some places strata of sandy loam or loamy sands are found that 
represent various ash deposits. 


Waikaloa fine sandy loam, sloping phase (5 to 15 percent slopes) 
(Wz).—This is the best soil in the drier areas of good grazing land 
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below Waikii on the island of Hawaii. The soil profile and its varia- 
tions are those described for the Waikaloa series. Bedrock occurs 
at depths greater than 30 inches. Locally, small areas of shallower 
soil have been included, but they are not typical of this phase. Most 
of the phase has fairly uniform slope toward the sea, but small areas 
having undulating to rolling complex slopes are included. Most of 
the area is uneroded or only moderately eroded. 

On the Parker Ranch this soil is considered very high in available 
potassium and calcium and medium to high in available magnesium. 
lt ranges from low to medium in available phosphorus. 

Practically all of the soil is used for grazing. Natal redtop and 
Bermudagrass dominate in unimproved pastures. The Natal redtop 
makes up a high proportion of the stand, for Bermudagrass is much 
smaller and less vigorous than on adjacent soils of the Reddish Prairie 
group that occur at slightly higher elevations. There is a limited 
amount of the small shrub, ilima, and a few cactus plants. Burclover, 
black medie, and Indian yellow sweetclover are also present. Some 
Paspalum dilatatum has been seeded at the higher elevations, but it 
normally does not persist long. The association of species produces 
excellent feed for fattening cattle, but lack of moisture limits growth. 
On Parker Ranch it was reported that this soil, properly grazed and 
occasionally rested, produces excellent forage and has a carrying 
capacity of about one head for 7 acres. 

The soil is physically suitable for cultivation, but moisture is so 
limited that little or none of it is cultivated. It occurs at elevations 
too high for good pineapple production; but, if irrigation water were 
available, it should be well suited to many kinds of vegetables. The 
field crops produced on Parker Ranch are grown on other soils at 
slightly higher elevations that receive a little more rainfall. 


Waikaloa fine sandy loam, moderately steep phase (12 to 30 
percent slopes) (Wx).—-This is a strongly sloping soil occurring in 
drier parts of the good pasture region near Waikii on the island of 
Hawaii. The profile is essentially that described for the Waikaloa 
series. On the average it is shallower to bedrock than the sloping 
phase of Waikaloa fine sandy loam. In most places there is more than 
20 inches of voil material over rock, but bedrock crops out locally. 
In a few places the soil is moderately eroded, but for the most part 
erosion has not been serious. 

All of the soil is used for grazing. Natal redtop dominates in the 
stand. Bermudagrass is also present but does not grow so vigorously 
as on the sloping phase. This soil is pastured with the sloping phase. 
Information on differences in carrying capacity between the two were 
not available, but it is assumed that this soil produces less than the 
sloping phase because it has greater runoff and therefore absorbs less 
moisture. The pasture on this soil is good for fattening cattle, and the 
yield should be greater than on the more gently sloping areas of the 
Puu Pa soils which lie in drier areas. 

This phase has slopes that make machine renovation of pasture 
difficult. It should be kept under a continuous plant cover if possible. 
If the sod is broken, erosion becomes serious. Erodibility and the 
difficulty of working the strong slopes would make this phase poor for 
cultivated crops, even if irrigation water were available. 
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Waikaloa loam, sloping phase (5 to 15 percent slopes) (Wx).—This 
deep soil occurs in the otherwise shallow stony areas at elevations 
below 1,750 feet. It is found below the Makawao-Waiakoa road on 
the island of Maui, and near Puu Anahulu on the island of Hawaii. 
Near Waikii on the island of Hawaii it varies from the Waikaloa fine 
sandy loam soils mainly in being slightly finer textured throughout 
the solum. The dominant texture in these areas is a loam. Other- 
wise this soil and its variations are similar to those described for the 
Waikaloa series. Nevertheless, this phase does include many small 
areas that are moderately to severely eroded. 

Some fruits and vegetables are grown on this soil at the Anahulu 
Homesteads, but most of these areas are being converted to improved 
pastures. Limited rainfall makes crop production extremely hazard- 
ous. The greater part of the soil is in pasture. Natal redtop is 
dominant in most of the area. Bermudagrass is a prominent as- 
sociate in the stand, but is smaller and forms a less dense sod than it 
does on the adjacent soils of the Reddish Prairie group, which occur 
at slightly higher elevations. Burclover, black medic, and the small 
shrub, ilima, are also present. In some places cactus is prominent. 

This soil produces high-quality forage, but lack of moisture limits 
yields. No figures were obtained on carrying capacity, but it may be 
assumed to be slightly less than that on Waikaloa fine sandy loam, 
sloping phase. Moderate slopes and relative freedom from loose 
stones and bedrock outcrops make this soil suitable for pasture 
improvement. It should rank with Waikaloa fine sandy loam as one 
of the best soils for pasture in this climatic zone. lf water were 
available for irrigation, it should be good for various vegetable crops. 


Waikaloa loam, eroded steep phase (25 to 50 percent slopes) 
(Wm).—This steep eroded soil occurs near Puu Anahulu on the island 
of Hawaii. In most places erosion has removed all of the original A 
horizon, and locally a thin, weakly developed A, horizon occurs in 
what was formerly material of the B horizon. The rest of the profile 
is as described for Waikaloa series. A moderate amount of loose 
stones are on the surface, but slope is the principal limiting factor. 

Steep slopes make this soil unsuitable for cropping. Most of it is 
grazed. Runoff is high, so pastures do not get as much moisture and 
produce less than on the sloping phase of Waikaloa loam. A large 
part of the soil is bare of vegetation and apparently eroding. Pasture 
improvement would be difficult because the steep slopes make it hard 
to use machinery. The forage is good for fattening cattle; and, if a 
cover could be established that would control washing, this would be 
a fair soil for grazing. 


Waikaloa stony loam, sloping phase (5 to 15 percent slopes) (Wo).— 
This soil has a very large amount of loose stones on the surface and 
throughout the profile, as well as some outcrops. It is shallower than 
Waikaloa loam soils, as bedrock commonly occurs at depths between 
10 and 20 inches. The soil profile and its variations are essentially 
those described for the upper part of the profile of the Waikaloa series, 
but bedrock replaces the horizons described below 10 or 20 inches. 

This is the most extensive soil of the Waikaloa series; it is character- 
istic of much of the grazing land on the leeward sides of Haleakala 
and Mauna Kea in the vegetation zone where Natal redtop is prom- 
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inent. The topography is generally sloping toward the sea, but 
unevenness in the underlying bedrock make this soil more uneven 
than the deeper soils of the Waikaloa loam or Waikaloa fine sandy 
loam types. 

Lack of adequate rainfall practically prohibits the use of this soil 
for cultivation, and even if irrigation water were available, stoniness, 
bedrock outcrops, and uneven topography would limit cropping to a 
small area. Practically all of the soil is used for pasture. 

Natal redtop probably is the most prominent grass on this soil. 
Bermudagrass, an important part of the plant cover, contributes much 
to the total forage produced, even though its growth is restricted by 
lack of moisture. Various legumes such as burclover and black 
medie also appear. Cactus is common, and in some places forms 
dense stands that greatly reduce grazing values. Small shrubs such 
as aliki and ilima are prominent, apparently because the relatively 
shallow soil has a low water-holding capacity. 

The carrying capacity of this soil is undoubtedly less than on the 
deeper phases of Waikaloa loam or fine sandy loam. Data on carrying 
capacity were not obtained, but it probably is considerably less than 
the one head per 7 acres reported for Waikaloa fine sandy loam under 
the best grazing management. Nevertheless, this soil produces 
excellent forage for fattening cattle and is valuable to ranchers. 
Pastures are hard to improve on this soil because of the stoniness and 
difficulty of using machinery. 


PUU PA SERIES 


The Puu Pa series occupies a zone transitional between the very 
dry, desertlike soils of the Kawaihae family and the relatively good 
grazing lands of the Waikaloa series. Puu Pa soils have a thicker 
ground cover and greater number of plant species than the dry lands at 
lower elevations, but they produce much less forage than soils of the 
Waikaloa series. The Puu Pa soils occur mainly at altitudes between 
1,000 and 2,500 feet, but included with them are small areas of similar 
soils at elevations ranging from sea level to 3,000 feet. The Puu Pa 
soils receive 20 to 35 inches of precipitation yearly. They occur 
principally in vegetation zone B, but on the island of Hawaii extend 
slightly into vegetation zone Cs. 

The soil profile is characterized by & dark-colored A, horizon, a 
reddish-brown B horizon, and a zone of carbonate accumulation just 
above bedrock or in the cracks and crevices of the rock itself. The 
colors are lighter than those of the Waikaloa series, and there is not so 
much organic matter in the A, horizon. The soils are high in bases, 
and & large proportion of their solum is made up of unweathered 
primary minerals. The soils are fertile and have good water-holding 
capacity, which is important in a region of limited rainfall. 

A moderately deep profile of the Puu Pa series: 

An 0 to 2 inches, very dark-brown fine sandy loam; moderately developed 
very fine crumb strueture; loose; pH 6.0 to 7.5; roots very numerous. 

Ay 2 to 10 inches, dark reddish-brown fine sandy loam, well-developed 
medium crumb structure; very friable when moist or dry, and non- 
plastic when wet; pH 6.0 to 7.0; roots very numerous. 

B 10 to 30 inches, reddish-brown fine sandy loam of weak coarse prismatic 
structure; very friable when moist or dry, and nonplastic when wet; pH 
6.5 to 7.5; roots numerous, 
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Bea 30 to 36 inches, light reddish-brown fine sandy loam, moderately devel- 
oped fine erumb structure; very friable when moist or dry, and non- 
plastic when wet; this is a zone of calcium carbonate accumulation. 
This horizon may be replaced by bedrock; in this case, encrustations of 
calcium carbonate appear on rock fragments or in eracks and crevices of 
the underlying unconformable bedrock (D). 

This series varies widely in depth to bedrock. The shallower 
phases have a very thin B horizon and lack the Bea. In the deeper 
phases bedrock rarely occurs at depths greater than 40 or 50 inches. 
The calcium carbonate accumulation is expressed to various degrees in 
the subsoil. In most places the deeper soils have a fairly definite 
horizon of carbonate accumulation. This horizon may be absent, 
however, and then the calcium carbonate occurs only as coatings on 
rock fragments or as encrustations in the cracks and crevices of the 
underlying bedrock. 


Puu Pa very fine sandy loam, sloping phase (5 to 15 percent slopes) 
(P2z).—Mapped in this phase are areas of sloping land at altitudes of 
200 to 1,000 feet that start below Pahala and extend southward. The 
soil probably was derived directly from volcanic ash, though it has a 
loesslike appearance in some places. 

The soil profile, and its variations, is similar to that described for the 
Puu Pa series, though the subsoil generally is slightly more yellowish. 
Depth to bedrock ranges from 15 to 24 inches in most places. In- 
cluded, however, is a nearly level area below Pahala, at an elevation of 
200 feet, that is much deeper to bedrock and appears to be strongly 
influenced by alluvium from higher lying land. 

Practically all of this soil is used for grazing. It produces a rather 
small amount of high-quality forage. The included more nearly level 
areas below Pahala that have been influenced by alluvium produce 
much more than the rest of the soil. Natal redtop is prominent on 
the soil, but Bermudagrass is also important. Lantana has infested 
parts of the soil, and some cactus occurs. The plant cover is not dense 
but practically continuous. Forage growth is highly seasonal, and the 
total amount is much less than that produced on Waikaloa soils. The 
forage, however, is very palatable, high in dry-matter content, and 
excellent for fattening cattle. 

This soil would be suitable for cultivation if water for irrigation 
were available. Some stones occur on the surface and throughout 
the soil. Except in the area derived from alluvium it would be 
necessary to remove the stones before machinery could be used 
without considerable difficulty. With adequate water, however, this 
soil should be productive of sugarcane. It is fertile and has a good 
water-holding capacity. 


Puu Pa stony very fine sandy loam, sloping phase (5 to 15 percent 
slopes) (P2y).—This fertile soil of moderate depth has loose stones 
scattered over the surface and throughout the solum. Erratic out- 
crops of the unconformable underlying lava occur on small knolls and 
along drainageways. Machinery could be used on the soil only with 
extreme difficulty. If the loose stones were removed, cultivation 
would be feasible, but irrigation water would be needed for satis- 
factory crop production, 

Rapid tests indicate that this soil has a high content of available 
potassium, calcium, and magnesium, but a low content of available 
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phosphorus. The total supply of nitrogen is moderate, and conditions 
for nitrification are very good. 

Practically all of this soil is used for grazing. On the island of 
Hawaii it is representative of the grazing lands in the middle belt on 
the western slopes of Mauna Kea and Kohala mountain. At the 
lower elevations piligrass, feather fingergrass, swollen fingergrass, and 
bristly foxtail are prominent, and associated with these are ilima, a 
small shrub, and & considerable amount of cactus. With increasing 
elevation Natal redtop becomes increasingly important and eventually 
dominates. At the highest altitude limit for this soil, Bermudagrass 
is prominent in the association. Some koahaole and black medic were 
observed on this soil. 

This soil produces a large amount of forage of good quality for fatten- 
ing cattle, but production is highly seasonal. The carrying capacity 
was estimated at 10 or 12 acres per head on Parker Ranch. 


Puu Pa stony very fine sandy loam, moderately steep phase (12 to 25 
percent slopes) (P2x.)— This strongly sloping soil occurs principally on 
the western slope of Kohala mountain between altitudes of 1,000 and 
3,500 feet. Steep-sided gullies with slopes as great as 50 or 60 percent, 
are included but they cover a small total area. The soil profile is 
similar to that described for the upper 12 inches of the Puu Pa series. 
The soil is generally shallower than the sloping phase of Puu Pa stony 
very fine sandy loam, or about 12 inches deep in most areas. Loose 
stones litter the surface. 

Stoniness, occasional bedrock outcrops, and strong slope make this 
soil poor for use of machinery. Susceptibility to erosion also would 
operar limit cropping, even if irrigation water should become avail- 
able. 

All of the soil is used for grazing. It supports the same plants as 
the sloping phase, but the stand is thinner and the total amount of 
forage produced is less. It is estimated that 15 to 20 acres would be 
needed to carry one cow. Pastures are hard to improve because 
steep slopes and rockiness make use of machinery very difficult or 
impossible. 

WAIAHA SERIES 


The Waiaha series consists of shallow stony soils derived from 
voleanic ash. The soils receive an annual rainfall ranging from 25 to 
50 inches and occur at elevations ranging from sea level to 850 feet. 
They are almost entirely in vegetation zone B, but on the island of 
Kauai they extend slightly into vegetation zone C,. Their relation- 
ships to other soils of the Waikaloa family are shown in table 72. 

These soils are similar to those of the Puu Pa series but differ in 
being strongly influenced by the underlying relatively unweathered 
lava bedrock and in not having a definite horizon of calcium carbonate 
accumulation in the solum. Free carbonates do appeer in cracks and 
crevices of the underlying rock. Soils of this series have a moderately 
developed A; horizon, a very thin yellowish-red B horizon, and then a 
very thin layer of mixed volcanic ash and rock fragments above the 
underlying lava bedrock. | Except for rock fragments, the soil materi- 
als in the solum appear to be more highly weathered than those for the 
Puu Pa series. Textures are clayey instead of sandy, which indicates 
that the volcanic ash has been considerably weathered. The soils are 


488 SOIL SURVEY OF TERRITORY OF HAWAII 


described as having sandy clay loam or clay loam textures; their 
sandiness is contributed by fine particles of rock fragments from the 
underlying lava. 

Modal profile of the Waiaha series: 

A; 0 to 5 inches, dark reddish-brown sandy clay loam; well-developed fine 
crumb structure; very friable when moist and nonplastic when wet; 
pH 6.0 to 7.0; roots very numerous. 

B 5 to 10 inches, yellowish-red to reddish-brown sandy clay loam; moder- 
ately developed medium crumb structure; friable when moist and non- 
plastic when wet; pH 6.0 to 7.0; roots numerous. 

C 10 to 12 inches, gritty mixture of weathering volcanic ash and fragments 
of bedrock; pH mainly about 7.0; rests on relatively unweathered lava; 
free carbonates may occur in erevices of the underlying lava, 

The soils average 12 inches deep to lava, but depth varies from 3 to 
18 inches within short distances. In areas of these soils that overlie 
Aa lava, soil material extends deeply into cracks and crevices in the 
rough broken surface of the underlymg rock. 


Waiaha sandy clay loam, very shallow phase over Aa lava (5 to 20 
percent slopes) (Wp).—This soil is confined to the Kona section on 
the island of Hawaii; it occurs at elevations less than 850 feet. The 
soil profile and its variations are those described for the Waiaha series. 
The soil is extremely stony, has bedrock outcrops in some places, and 
is unsuited to machine cultivation. Only a few areas are used for 
hand-cultivated vegetable crops and fruits. Practically all of the soil 
is grazed. 

Many different kinds of shrubs, grasses, and herbs grow on this 
soil. Most of the grasses normally found are annuals growing in 
association with Bermudagrass or Natal redtop. In most places the 
Bermudagrass or redtop forms a perennial cover. Piligrass is par- 
ticularly prominent. Lantana and various other shrubs occur. The 
lantana has crowded out almost all other plants in some areas, and one 
of the main problems of grazing management is that of providing 
plants that can compete with this aggressive plant. It appears that 
koahaole may be able to compete with the lantana under restricted 
grazing, or in some areas replace it. When koahaole is heavily grazed, 
its ability to compete is greatly decreased. This problem of con- 
trolling lantana is intensified because the stoniness of this shallow 
soil limits use of machinery. Cactus grows on all of this soil; it is 
generally regarded as a pest but it is an important source of water 
during dry years and also furnishes some feed. 


The forage produced on this soil is seasonal but of exceptionally 
high quality for fattening cattle. It was noted that a mixed stand 
of Guineagrass, elephantgrass, and koahaole appeared to be competing 
effectively with lantana in a few areas. This phase generally supports 
more productive pasture than the phase over the Pahoehoe lava, for 
it extends into pockets in the broken rough underlying Aa lava and 
therefore holds more moisture. Information on the carrying capacity 
of this soil was not obtained, but it should be similar to that of Puu 
Pa stony very fine sandy loam, moderately steep phase. 


Waiaha sandy clay loam, very shallow phase over Pahoehoe lava (5 
to 20 percent slopes) (Wz).— This shallow soil is only 4 to 10 inches 
deep over relatively unbroken and slightly weathered Pahoehoe lava. 
It occurs in the Kona section on Hawaii below elevations of 850 feet, 
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and near Koloa on the island of Kauai. The soil profile and its 
variations are essentially those described for the Waiaha series. "This 
soil is not so variable in depth as the very shallow phase over Aa lava, 
because the surface of the Pahoehoe rock underlying it is relatively 
unbroken. 

The surface is stony, and bedrock crops out in some places. Little 
of the soil is cultivated. Essentially all of it on the island of Hawai 
is used for pasture, but part of it on the island of Kauai was in sugar- 
cane at the time of survey. The cane was irrigated, and yields were 
reported to be fair to good. Stoniness makes use of machinery ex- 
tremely difficult, however, and increases costs to such an extent that 
the soil must be considered marginal for sugarcane. 

Areas of this soil used for pasture support a plant cover similar to 
that described for the very shallow phase over Aa lava. Bermuda- 
grass, Natal redtop, and piligrass and various annuals are the more 
important grasses native in the vegetation zone. Associated with the 
grasses are many shrubs and herbaceous plants. The plant cover is 
relatively good. Lantana is a serious pest, and its control is one of 
the more important problems in grazing management. In a few areas 
Guineagrass, elephantgrass, and koahaole were being planted among 
the lantana and appeared to be competing well. This soil is probably 
less productive of forage than is the very shallow phase over Aa lava, 
primarily because it has limited depth of soil material and greater 
droughtiness. The forage, however, is of high quality for fattening 
cattle. 

PAKINI SERIES 


Soils of the Pakini series occur in the Kau section on the island of 
Hawaii; they appear to be derived from wind-deposited materials. 
The deeper layers consist of reddish-yellow or yellowish-red powdery 
silty material that looks somewhat like loess. The soils are at eleva- 
tions ranging from sea level to 1,300 feet, receive an annual precipita- 
tion ranging from 20 to 40 inches, and occur mainly in vegetation zone 
B. Near sea level they extend slightly into vegetation zone A, but 
this area may be considered an inclusion. 


‘These soils have the moderately well developed A; horizon charac- 
teristic of soils in the Reddish Brown group, and have a calcium car- 
bonate accumulation deep in the profile. The soils are nearly neutral 
in reaction throughout the solum, but the materials are generally 
finer textured than is characteristic of most soils of the Reddish Brown 
group. The finer texture probably indicates that the primary min- 
erals have undergone a greater degree of weathering. 

Modal profile of the Pakini series: 


Ay 0 to 6 inches, dark-brown silty clay loam or very fine sandy loam; well 
developed fine or medium crumb strueture; very friable when moist and 
nonplastic when wet; pH 6.2 to 7.0; roots very numerous. 

A 6 to 12 inches, brown silty clay loam or very fine sandy loam; moderately 
developed medium crumb structure; very friable when moist and non- 
plastic when wet; pH 6.2 to 7.0; roots numerous. 

B 12 to 32 inches, yellowish-red silty clay loam; weak medium prismatic 
structure; friable when moist and nonplastic when wet; pH 6.5 to 7.0; 
roots present. 

Ba or C, 32 to 50 inches, reddish-yellow silt loam; weak very fine crumb 
structure; very friable when moist and nonplastic when wet; pH 6.8 to 
7.5; few roots present. 
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C. 50 inches +, material similar to that of C, horizon but locally has thin 
bands in which calcium carbonate has accumulated. 

Pakini very fine sandy loam, gently sloping phase (3 to 8 percent. 
slopes) (Pn).— This is a very friable soil with a moderately developed 
A, horizon. In most places there is about 5 or 6 inches of dark-brown 
very fine sandy loam (A4) over a slightly lighter colored very fine 
sandy loam (Ay). These two horizons go to a depth of 12 inches and 
have the maximum accumulation of organic matter. Below the A 
horizon is a yellowish-red silty or very fine sandy material that com- 
monly contains some gravel. Next occurs material normal to the B, 
or C, horizon as given in the profile description of the series. Thin 
layers of calcium carbonate accumulation commonly occur below a 
depth of 50 inches. Some wind erosion is active on this soil. Blow- 
outs occur, but not to the extent they do on the wind-eroded phase of 
Pakini silty clay. 

Practically all of this soil is used for grazing. Bermudagrass is 
dominant on most of the area. Associated with it are lantana, some 
cactus, piligrass, and various annual grasses and herbaceous plants. 
Other grasses, including panicums, have been introduced in a few 
places. Lantana is less common than on the silty clay loam type. 

This soil is well adapted to the use of machinery, which facilitates 
pasture improvement. It produces fair yields of forage of very high 
quality for fattening cattle. Growth of forage is somewhat seasonal 
because rainfall is unevenly distributed. Its carrying capacity is less 
than for the soils in higher lying and wetter regions, but this soil is 
one of the more valuable ones for grazing. 

If irrigation water were available, this soil would also be well 
suited to cultivated crops, including sugarcane and vegetables. It is 
a fertile soil and has good water-holding capacity. 


Pakini silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Pp).—This phase is typical of the Pakini series. It is deep, almost 
free of stones, and well suited to machinery. Almost all of it is used 
for pasture. Rainfall should be adequate for pineapple, but sugarcane 
or vegetable crops would need irrigation. 

Bermudagrass, Natal redtop, and piligrass growing in association 
with cactus, lantana, and various annual grasses and herbs are the 
normal cover in unimproved pastures. Much of this phase has been 
planted to kikuyu and panicums. 

The soil is exceptionally well suited to the use of machinery for 
pasture improvement. It produces a moderate amount of forage that 
is very good for fattening cattle. It is one of the better soils for 
grazing, although its carrying capacity is less than that of soils in 
higher lying or wetter regions. Various kinds of cultivated crops 
could be grown if irrigation water were available. 


Pakini silty clay loam, wind eroded phase (2 to 15 percent slopes) 
(Pa).—Mapped in this phase are areas of Pakini silty clay loam from 
much of which the surface soil has been blown or washed away. The 
yellowish-red subsoil is exposed. About half of the phase is bare 
because of active wind erosion. The bare areas are roughly circular 
and are surrounded by areas in which wind-blown soil material has 
accumulated. 
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The vegetated areas support Bermudagrass, Natal redtop, piligrass, 
various herbs and annual grasses, and occasionally some lantana and 
cactus. The carrying capacity ismuch lower than that of the uneroded 
phase, but the forage is of very high quality for fattening cattle. 
Most of this soil could be reclaimed by use of machinery, and much 
better pastures could be established by planting species that would 
control wind erosion. 


UALAKAA SERIES 


These are Reddish Brown soils in areas transitional to soils of the 
Reddish Prairie group. They are derived from voleanic cinders 
deposited near Punch Bowl and Roundtop on the outskirts of 
Honolulu. They occur at altitudes of from 200 to 1,000 feet, receive 
an annual precipitation ranging from 40 to 60 inches, and are in the 
area of transition from vegetation zone B to zone C}. 

The series is characterized by a distinct A; horizon over a reddish- 
brown silty clay loam B horizon that rests on black or brown slightly 
weathered volcanic cinders. These soils are generally deep to bed- 
rock. 

Modal profile of the Ualakaa series: 


Ai Oto 7 inches, dark reddish-brown silty clay loam; moderately developed 
medium crumb structure; very friable when moist, and nonplastie when 
wet; pH 6.0 to 7.0; roots very numerous. 

B 7 to 21 inches, reddish-brown silty clay loam; moderately developed 
medium crumb structure; very friable when moist and nonplastie when 
wet; pH 6.0 to 7.0; roots numerous. 

C 21 inches +, black or brown volcanic cinders partly weathered in the 
surface 2 to 6 inches; calcium carbonate accumulations occur within 
this horizon in some places but generally do not form a continuous soil 
horizon; lava bedrock is generally at great depth. 


Soils of the Ualakaa series vary greatly in the depth to unweathered 
cinders. In some places they may be only 12 inches deep but in others 
may be more than 30 inches. In fact, pockets of soil as deep as 4 or 
5 feet may be found. The silty clay type occurs mainly in the drier 
parts of the area and is most typical of Reddish Brown soils. In 
these places the soil is probably partly derived from alluvium over 
volcanic cinders, and calcium carbonate is generally apparent at some 
depth in the underlying volcanic cinders. The silty clay loam type 
more nearly approaches Reddish Prairie soils in its characteristics, and 
the calcium carbonate is less frequently apparent. The silty clay 
loam occurs in more strongly sloping areas on Roundtop Hill. d 


Ualakaa silty clay, gently sloping and sloping phases (2 to 15 percent 
slopes) (Ua).— These soils occur near Punchbowl and Roundtop Hill; 
slopes were not differentiated because most of the area is urban. A 
few small vegetable and flower gardens are on these soils. Those 
areas not occupied by dwellings or public buildings support a cover of 
lantana, koahaole, and various kinds of grasses, among which Ber- 
mudagrass is the most prominent. The normal association of plants 
has been greatly disturbed in most places. Many exotic species occur 
among the dwellings. Continued urban use seems most probable for 
this soil. The Pensecola Street branch of the University of Hawaii 
Agricultural Experiment Station is located on this soil. 
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Ualakaa silty clay loam, phases undifferentiated (5 to 40 percent 
slopes) (Us).—In this unit are sloping to moderately steep or steep 
soils on the slopes of Roundtop Hill. Volcanic cinders are the parent 
materials. A large part of this unit is idle and covered with dense 
stands of lantana or koahaole. Among the grasses present, Bermuda- 
grass is dominant. Parts of the area are used for urban development, 
which appears to be the probable future use of the soils. These soils 
are of limited extent and not important agriculturally. They extend 
into vegetation zone C, and are somewhat transitional from the Red- 
dish Brown to the Reddish Prairie great soil group. The soil profile 
for this mapping unit is typical of that described for the Ualakaa series. 


UNDIFFERENTIATED UNITS 


The very shallow soils of the Waikaloa family have been mapped 
mainly without differentiating as to soil series. The undifferentiated 
units mapped are Waikaloa family, very shallow phases; Waikaloa 
family, very shallow phases—Aa lava complex; and Waikaloa family, 
very shallow phases—Pahoehoe lava complex. 


Waikaloa family, very shallow phases (5 to 20 percent slopes) 
(Wx).—This unit includes soils 4 to 10 inches deep to bedrock, which 
were not differentiated as to kind of underlying rock. The greater 
part of the total area probably overlies lava of the Aa type. The 
soil profile consists mainly of an A; horizon, which is of the same kind 
as that for deeper soils with which this unit is associated. In some 
places a very thin B horizon occurs between the accumulation of 
organic matter and the underlying rocks. On lava of the Aa type 
the B horizon material extends into cracks and crevices in the broken 
rock surface. For the most part these soils are comparable to Waiaha 
sandy clay loam, very shallow phase over Aa lava, or to Waiaha 
sandy clay loam, very shallow phase, over Pahoehoe lava. Generally, 
however, the soil material has a very fine sandy loam texture. Loose 
rocks litter the surface, and bedrock crops out in many places or 
occurs at such shallow depths that cultivation is practically impossible. 

'This unit is used almost entirely for grazing. It supports a plant 
cover consisting mainly of Bermudagrass and Natal redtop, and 
associated with these, piligrass, various annual grasses, and lantana 
and other shrubs. Cactus is prominent 1n most areas. 

This unit is very difficult to improve for pastures because it is stony 
and use of machinery is virtually impossible. Lantana, a serious 
pest in many areas, is one of the principal problems in grazing man- 
agement. Koahaole may be able to compete successfully with lan- 
tana, or in some places replace it. The forage is of high quality for 
fattening cattle, but the growth is seasonal and less than in higher 
lying areas that receive similar rainfall. This unit is classed as val- 
uable grazing land even though its carrying capacity is low. 


Waikaloa family, very shallow phases—Aa lava complex (5 to 25 
percent slopes) (W1)-—This complex consists of very shallow soil, 
mostly less than 10 inches deep, in association with bare rock outerop. 
Bare rock accounts for 30 to 50 percent of the area on a large part of 
this unit. The soil material present extends into cracks and crevices 
in the surface of the Aa lava, so the water-holding capacity is higher 
and the carrying capacity greater than for the similar complex over 
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Pahoehoe lava. This unit has so much stone and bedrock outcrop 
that use of machinery is impossible. 

Most of this complex supports Bermudagrass, Natal redtop, pili- 
grass, lantana, and various annual grasses and herbs. The growth is 
more seasonal than on deeper soils in the same vegetation zone, and 
the quantity of forage produced is less. The forage is good for 
fattening cattle, however, and ranchers can use this land effectively 
along with soils that have greater carrying capacity. 


Waikaloa family, very shallow phases—Pahoehoe lava complex (5 
to 25 percent slopes) (Wz).— This unit is similar to the comparable 
unit over Aa lava, except it lies on the smooth and relatively unbroken 
rock. Soil material does not extend so deeply into cracks and crevices 
in the rock, so the water-holding capacity is lower and growth of 
forage is less during dry periods. Bermudagrass, Natal redtop, and 
piligrass dominate on most of the unit. Lantana, a serious pest, is 
difficult to control because this shallow stony complex is not suited to 
mechanized agriculture. Koahaole can be used effectively, for it can 
compete with the lantana. In terms of total forage produced, this is 
probably the least productive unit of the Waikaloa family. The 
forage is of high quality, however, and ranchers can use this land 
effectively along with paddocks of higher carrying capacity. 


REDDISH PRAIRIE SOILS 


These are dark-colored soils of semiarid and subhumid grasslands. 
No zone of carbonate accumulation occurs in them. They have an 
8- to 12-inch very dark-colored A, horizon that grades with depth 
into a lighter colored transitional B horizon that rests on parent 
material. The solum is moderately high in bases. To this extent, they 
are very much like the Reddish Prairie soils of the south-central 
United States; but ualike Reddish Prairie soils of the Continental 
United States, these soils have the friable character of Latosols. 
They occur on the islands of Hawaii and Maui at elevations ranging 
from 500 to 4,500 feet above sea level. Precipitation ranges from 
25 to 70 inches a year. 

The Reddish Prairie soils consist of the following families: Waimea, 
Pahala, and Naalehu. 


SOILS OF THE PAHALA FAMILY 


The relationships of the Pahala family of soils to other families 
of the Reddish Prairie group are shown in table 17 in the section on 
Relationships Among Soils ot Hawaii. The soils of the Pahala family 
are derived from a thin layer of young, slightly weathered volcanic 
ash over older, more highly weathered ash deposits. They are con- 
fined to the Kau section of the island of Hawaii at elevations ranging 
from 500 to 2,000 feet above sea level. The zone receives between 35 
and 60 inches of annual precipitation and is entirely within vege- 
tation zone C}. 

The Pahala family has the typical dark-brown A, horizon of the 
Reddish Prairie soils. This layer is a fine sandy loam or loam generally 
6 to 9 inches thick. It overlies a brown B horizon, also a loam or fine 
sandy loam, which ranges from 5 to 15 inches in thickness. The under- 
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lying material is apparently unconformable with these two layers. 
It is a reddish-yellow, yellowish-red, or reddish-brown silty clay of 
apparently older volcanic ash that has been strongly weathered. 
The base status of this material, however, is high. It rests on uncon- 
formable lava bedrock at depths ranging from 18 inches to more than 
6 feet. The soil is about neutral throughout the profile. The solum 
is typical of Reddish Prairie soils, but the silty clay substratum is 
heavier in texture than normal for this group in Hawaii. The Pahala 
series is the only member of the family. 


USE AND MANAGEMENT 


In large part the Pahala soils are used for sugarcane without irri- 
gation. Some of the lower lying areas in the driest regions receive 
too little rainfall to produce cane without irrigation and are used 
for pasture. A part of the cane-producing area ‘between Pahala and 
Punaluu is irrigated. The soils of the Pahala family on favorable 
topography are considered good for sugarcane. 

The soils are fertile; they are well supplied with bases, including 
both calcium and potassium, but are reported to be variable in 
available phosphorus. Intensive nitrogen fertilization is required for 
continuous cane production. During seasons of adequate rainfall 
cane yields are high. Droughts are frequent, however, and cane 
yields are commonly reduced by lack of moisture. In some of the 
lower lying areas, Pahala blight attacked cane at one time. The 
cause was attributed to high lime content of the soil, since the blight 
disappeared when the soil was treated with sulfur. 

iere the soil is used for pasture, Bermudagrass is the dominant 
species. Rainfall is adequate to support a continuous grass sod, but 
roduction is somewhat seasonal because of variations in rainfall. 
pring and early summer months produce the greatest amounts of 
forage; the drier summer and early fall months are optimum for 
flowering and seed development. On the steeper and shallower soils, 
pilipiliula, yellow foxtail, and ricegrass are prominent, and although 
poor in forage value, they provide | good coverage. Natal redtop is a 
short-lived perennial i in this vegetation zone, but it is an important 
source of feed. Lantana is a serious pest throughout most of the area. 


One of the principal management problems arises from the tendency 
of Bermudagrass to form one-grass pastures. In other areas on similar 
soils, periodic plowing has been at least a partial solution to this 
problem and helpful in controlling the growth of lantana. Where 
introduced grasses such as paspalums appear in the sward, they and 
a variety of palatable herbs and other grasses volunteer after plowing. 
Plowing should be well adapted to the less strongly sloping and least 
stony areas of these soils. 

Under present conditions these soils are not seriously eroded, but 
they would be subject to serious sheet erosion if clean cultivated. 
Practically all of the area is either under a dense grass sod or is used 
for cane production. The heavy vegetative cover of both grass and 
cane has effectively controlled erosion in most places. If plowing 
should be practiced in pasture improvement, it probably should be 
confined to the less strongly sloping areas, and every effort should be 
made to establish a grass sod as quickly as possible after plowing. 
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The soils in this family are grouped in table 74 with other soils of 
the Reddish Prairie group according to their suitability for use of 
machinery. 

PAHALA SERIES 


The Pahala is the only series of the Pahala family. The solum is 
typical of Reddish Prairie soils in the drier part of their occurrence. 
The series is differentiated from other Reddish Prairie soils on the 
basis of a thin solum derived from young volcanic ash that was de- 
posited over an older, more highly weathered and unconformable 
voleanie ash substratum. 

Modal profile of the Pahala series: 

Aj 0 to 8 inches, dark-brown or dark grayish-brown loam or fine sandy 
loam; moderate fine crumb structure; very friable when moist, non- 
plastie when wet; pH 6.5 to 7.5; roots very numerous. 

B 8 to 18 inches, brown loam or fine sandy loam; moderate fine crumb 
structure; very friable when moist, nonplastic when wet; pH 6.5 to 7.5; 
roots numerous. 

Di; 18 inches -+, reddish-yellow, yellowish-red, or reddish-brown silty clay; 
weak medium blocky structure; friable when moist, nonplastic when 
wet; pH 6.5 to 7.5; roots present; this horizon appears to be weathered 
volcanic ash much older than that from which the A and B horizons 
have developed; rests on unconformable lava bedrock at depths mainly 
more than 30 inches but locally as little as 18. 

Pahala fine sandy loam, gently sloping phase (2 to 8 percent slopes) 
(Pc).—This is a deep, mellow soil that occurs on the flatter parts of 
Pahala plantation. The soil profile is essentially that described for 
the Pahala series. The soil is about neutral throughout the solum 
and the underlying weathered volcanic ash. It is well supplied with 
bases, including calcium and potassium, but it is reported to be some- 
what variable in available phosphorus. It is a deep soil averaging 
more than 30 inches over bedrock; locally shallow areas are included. 
There are few or no loose stones on the surface in most places. The 
soil is exceptionally well suited to the use of heavy machinery. 

A large part of the total area is used for cane production, mostly 
without irrigation. The soil is considered good for this crop. Droughts 
are frequent, however, and cane yields may be reduced by lack of 
moisture. 

At the lower elevations and at the driest limit of the type, part of 
the area is used for pasture. In these areas Bermudagrass is domi- 
nant, and associated with it are Natal redtop and a variety of other 
grasses, herbaceous plants, and shrubs. Lantana is a particularly 
noxious shrub. Paspalums are well adapted, but unless special prac- 
tices are followed, Bermudagrass soon tends to dominate pasture 
swards. Periodic plowing, which permits these introduced species to 
volunteer, has been used in other areas on similar soils with good 
results. It not only corrects the formation of pastures dominated by 
Bermudagrass but also controls various shrubs that infest the area. 
Little of this management has been practiced on this soil. 

Very little of the soil is used for vegetables. Rainfall is pelly 
not sufficiently dependable during the summer and early fall months 
for year-round vegetable production, but the soil is adapted to vege- 
tables during the wetter periods of the year. With adequate water 
for irrigation, the soil could be used for them throughout the year. 
It probably would not be well adapted to such a wide variety of vege- 


Taste 74.—Suitability and physical limitations of soils of the Reddish Prairie group for mechanized agriculture 
Sorts WELL SUITED TO MECHANIZED AGRICULTURE 
; - 
x , : A a : Depth to e " e PRE 
Soil family and mapping unit Slope Erosion Loose stones bedrock Principal physical limitations 
" | | 
Waimea and Pahala families, nearly level and | j 
gently sloping phases: Percent Inches 
Waimea fine sandy loam, gently sloping phase__ ~ 8 | Slight.------- EB Se 40+! None. 
Waimea loam, nearly level phase____._._..- QS (a eee döy ssas (dun 40+ Do. 
Pahala fine sandy loam, gently sloping phase 4-8 sas Ur NEM CRINE do... 30-50 + Do. 
Pahala loam, gently sloping phase-......... ..; 8- 8 |... dos ssi eene dos seus 30-50 -+ Do. 


i 


Sorts MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 


| 
Waimea and Naalehu families, sloping and knobby | 


phases: | 
Waimea fine sandy loam: | 
Bloping phase.....-.-.2-6--esceeuencan ense 
Knobby phase---------------------------- | 
Pane fine sandy loam, sloping phase........ 
Io cindery loam, slopes undifferentiated..... 
Ulupalakua silt loam, sloping phase. _______ 
Naalehu silty clay, sloping phase___._______ 
Kamaoa silty clay loam, sloping phase... 


|5 — M: 


Moderate slope. 
Complex gentle slope. 
Moderate slope. 

Do. 

Do. 


o. 
Moderate slope, some stones. 


967 


HVAVH XO AHOLIHHOUL A0 ATAUNS 'II0S 


SoIts POORLY SUITED TO MECHANIZED AGRICULTURE 


Waimea family, rolling and moderately steep 
phases: 


Waimea fine sandy loam, rolling phase--.------ 


Waimea loam, moderately steep phase--------- | 
Pane fine sandy loam, eroded rolling phase... 
Waimea and Naalehu families, hilly and steep 
soils: 
Waimea fine sandy loam, hilly phase. .........| 


Ulupalakua eindery loam, cinder-cone phase____ 


Severe... 


.do. 


Moderate. .... | 


Complex slope; occasional out- 
crop. 

Strong slope; occasional outerop. 

Complex slope. 


Strong complex slope; occasional 
outcrop. 
Strong to very strong slope. 


Sorts VERY Poor 


LY SUITED OR Dugerrup TO MECHANIZED AGRICULTURE 


Waimea and Naalehu families, stony sloping and | | 
moderately steep soils: 
Waimea stony loam, moderately steep phase__ | 
Makakupa stony clay loam: | 
Sloping phase 
Moderately steep phase_____.....---------- 
Waimea, Pahala, and Naalehu families, very 
shallew stony soils: 
Waimea family: 
Very shallow phases____...---------------- 
Very shallow phases—Aa lava complex. ..... 
Pahala series, very shallow phases_......-.._.- 
Naalehu eum 


12-25 


Moderate... Moderate... .. | 
i ! 

eee Ose cases ME CER 
EodOscstoncic.sdoiace uas | 


Loose stones; strong slope. 


Loose stones; moderate slope. 
Loose stones; strong slope. 


Shallow bedrock and loose stones. 
Bedrock outcrop. 
Shallow bedrock and loose stones. 


Do. 
Bedrock outerop. 
Do. 


STIOS WIHIVHd EHSIGGUH 


LOP 
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tables as soils of the Waimea family, which occur in a somewhat cooler 
climate and under similar rainfall. 


Pahala loam, gently sloping phase (3 to 8 percent slopes) (PH).— 
This phase occurs between Pahala and Punaluu, and like Pahala fine 
sandy loam, gently sloping phase, it is a deep mellow soil on gentle 
slopes. It differs in having a loam instead of a fine sandy loam tex- 
ture throughout the A and B horizons. In other respects the soil 
profile is essentially that described for the Pahala series. As mapped 
this soil includes small flats or local depressions where surface wash 
has accumulated from adjacent areas and where the A, horizon may 
be as much as 18 inches thick. These areas are somewhat more pro- 
ductive than others of the phase because they have a deeper A, horizon 
and a somewhat higher water-holding capacity and they accumulate 
moisture during rains. 

The soil is used for cane and pasture. Cane is produced throughout 
most of the area without irrigation, but some of it is irrigated at the 
lower elevations. In years of adequate rainfall, the productivity of 
this phase was reported by the plantation to be slightly less than that 
of Pahala fine sandy loam, gently sloping phase. The soil is subject 
to periods of dry weather, however, and the yields may be reduced by 
lack of moisture. This soil is exceptionally well adapted to the use of 
cune for cultivation and harvesting, and production costs are 
ow. 

Pahala loam, gently sloping phase, is a fertile soil well supplied with 
calcium and potassium. Available phosphorus was reported to be 
variable from place to place. Intensive nitrogen fertilization is 
required for continuous cane production. 

The lower lying and drier areas are used for grazing. In these 
areas Bermudagrass forms a continuous sod in association with Natal 
redtop and various herbaceous plants and shrubs; it has a tendency 
to dominate the swards and to form one-grass pastures. In similar 
areas in other parts of the Islands, this tendency has been counter- 
acted by periodic plowing. After plowing, such species as paspalums, 
if originally in the sward, volunteer and reseeding may not be neces- 
sary. Although plowing is not common on these soils, it is apparently 
well adapted. It would have the added advantage of helping to 
control such shrubs as lantana that tend to infest these areas. 

Pastures on this soil are very high in quality, and the amount of 
forage produced is also relatively high. Data on carrying capacity 
were not obtained, but it is probably somewhat less than the 4 acres 
per head reported for soils of the Waimea series. Production is prob- 
ably also more seasonal than on those soils. Nevertheless, the soil 
oe considered one of the better soils for grazing in the Hawaiian 

slands. 


Pahala series, very shallow phases (3 to 15 percent slopes) (Pz).— 
These are very shallow, very stony soils. The soil present is similar 
to the upper layers of the Pahala series. This unit includes areas of 
both the loam and the fine sandy loam. In most areas the soil ranges 
from 0 to 12 inches in thickness over unconformable lava bedrock. 
The soil profile in most places consists of an A; horizon similar to that 
of the Pahala series. This horizon may rest directly on solid bedrock 
or may be separated from it by a 2- to 4-inch brown loam or fine sandy 
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loam B horizon. The B horizon may extend into cracks and crevices 
in the underlying rock. Bedrock crops out in some places, and the 
surface is littered with loose stones. 

This unit is too stony for machine cultivation in most places and 
is generally so shallow that removal of the loose surface stones would 
not make it well suited to machinery. In addition, the shallow depth 
of soil material over bedrock restricts the capacity of the soil to supply 
water. This is a serious limitation in this area where rainfall is apt 
to be deficient during some parts of the year. This unit is therefore 
used mainly for production of pasture. 


SOILS OF THE WAIMEA FAMILY 


The relationship of soils of the Waimea family to others in the Red- 
dish Prairie group are shown in table 17 in the section on Relation- 
ships Among Soils of Hawaii. The Waimea are strongly developed 
Reddish Prairie soils. They are characterized by thick, dark-colored 
A, horizons over B horizons that are yellowish brown or reddish brown 
and transitional to the voleanic-ash parent material. 

This family occurs on the islands of Hawaii and Maui at elevations 
ranging from 1,000 to 4,500 feet above sea level. The greater part of 
the area, however, lies between elevations of 2,000 and 4,000 feet. 
Precipitation within the zone ranges from 25 to 50 inches a year. The 
soils occur mainly in vegetation zone C. as defined in the section on 
Soils and Vegetation. On the island of Maui, however, they extend 
slightly into vegetation zone C,, and on the island of Hawaii slightly 
into vegetation zones E; or Ds, These areas may be considered transi- 
tional to other soils. 

Data presented by Sherman (see p. 118) indicate that the soil ma- 
terials are moderately weathered. Silica-sesquioxide ratios of the 
whole soil are mainly between 1.0 and 1.5, although that of the col- 
loidal fraction is near 0.5. There is little evidence from the chemical 
data that there is a concentration of resistant minerals such as those 
bearing titanium. Silica and bases have been lost; aluminum has 
been concentrated more than iron within the solum. SiO, ranges 
from about 20 to about 30 percent in contrast to average composition 
for Hawaiian lavas of about 48 or 50 percent. Cation-exchange 
capacity is above 40 milliequivalents per 100 grams, and the soils are 
almost 100 percent base saturated throughout the solum. Calcium 
is by far the dominant cation in exchangeable form.  Silica-sesqui- 
oxide ratios for the colloidal fraction are mainly near 0.5, and colloid 
accounts for 40 or 50 pereent of the A and B horizons. Thus, the 
relatively high silica-sesquioxide ratios for the whole soil appear to 
be the result of dilution of this colloidal material with unweathered 
volcanic ash. It may be assumed that a large part of the cation- 
exchange capacity can be attributed to organic matter. 

Although determinations of the organic matter by horizons are not 
available, the appearance of the soils would indicate that organic 
matter decreases with depth in much the manner that it does in the 
Prairie soils of continental United States. At the present time, all 
of the area is in a zone of grass vegetation. It is known that at least 
part of the area at one time supported Hawaiian koa, and reports by 
some of the older ranchers indicate that the distribution of koa within 
this zone was much greater than at present. 
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Four soil series are included in the family. Their relationships are 
given in table 75. 
USE AND MANAGEMENT 


Soils of the Waimea family occur in delightfully cool subhumid 
areas that are exceptionally well suited to the production of a variety 
of vegetable crops. Annual temperatures within this zone range 
from about 60° to about 72? F., in contrast to a range between 70? 
and 78? near sea level. Both on the island of Hawaii in the vicinity 
of Waimea and on the island of Maui in the vicinity of Kula, vege- 
table production is an important industry. Cabbage, lettuce, celery, 
cucumbers, corn, daikon, beets, rhubarb, and rutabagas are among 
the more important crops that are marketed. 

With adequate water for supplementary irrigation, crops could be 
grown on these soils throughout the year, but droughts can be ex- 
pected every 2 or 3 years during the period from June to October. 
In no month is there an average precipitation of less than 1 inch. 


TABLE 75.—Key, modal profile, and 


Modal profile 


Horizon Color (dry) 
Key Series Range in depth 
Let- to— 
ter > 
syi Name Munsell 
bol | Upper | Lower 
limit | limit 
A. Derived from voleanic ash: Inches | Inches 
An 0 5-7 | Dark brown ......| 7.5Y R 3/2-3/3__ 
An 5-7 8-14 Dark reddish- 5Y R 3/3-8/4... 
: * rown. 
1. Without textural profile, | Waimea) p | &14| 30-48 | Dark yellowish | I0Y R 4/4-4/3... 


colors mainly brown. brown. 


Cc 30-48 |-------- Variously colored layers of sandy or 
TDs c -.-.-...| Unconformable ava bedrock, 


Av 6-8 | 10-15 | Brown............ 7.5YR 4/4-4/2 


2. Clay increases with depth, | Pane... B 10-15 | 36-60 | Reddish-brown...| 5YR 4f3-4/4 .. 


colors mainly reddish 


brown C | 36-60 |. _.| Brown... ssl 7.5Y R 4/4-5/4.. 


D- Line meri tecm Basalt or andesite bedrock, 
100 inches below the surface. 


B. Derived from volcanic cinders: 
Au 0| 3-5]| Dark brown.......| 10Y R 4/3...... 


EYO 3-5 6-10 | Brown. ..........- 10YR 5/8... 


1. With moderate organic ac- | Io.. B 6-10 1227 Yellowish-brown..| 10Y R 5/4-5/8. - 


cumulation in the Ai. 


c 12-27 .-..| Brown or black unweathered 
De (iosesiua -genesus Unconformable strata of voleanic 
| 12to more than 60 inches. 

Au 0, 1-3 | Very dark brown. .| 10YR 2/2... 


9-13 | BrOWn------------ 10YR 4/3-44. 
__| 7.5Y R 4/2-4/4 .. 


2. With strong organic accumu- | Ulupa- 
lation in the Ai. lakua. 


below the surface. 
0 6-8 | Dark brown------- 7.5YR 3/2-4/4 


Weathering volcanic cinders_...---- 
Various unconformable strata of 


B i 21-40. se -i cunis 
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In some parts of the area, as many as 4 months have a monthly 
average of less than 2 inches. Throughout most of the zone, average 
monthly rainfall is between 2 and 3 inches for 4 to 8 months of the 
year. In only a few limited areas does rainfall exceed 5 inches a 
month during any month of the year. In the vicinity of Waimea on 
the island of Hawaii, exceptionally heavy rains occasionally cause 
damage on the more nearly level areas. Such rains are not common. 

In the vicinity of Waikii on the island of Hawaii, field crops are 
grown in rotation with pasture. In that locality Bermudagrass 
pastures are plowed about once every 5 years. A crop of corn is 
planted after plowing, and the value of the corn crop generally pays 
for the cost of plowing and tillage. The principal advantage of this 
practice is improvement in the pastures that follow corn. Consider- 
able difficulty is encountered in growing corn because of the variety 
of insect pests, particularly earworms, and in curing the corn crop 
after it is harvested in this moist atmosphere. 


environment of soil series of the Waimea family 


Modal profile—Continued Environment 
| 
Texture Structure co) pH | Island nd Xlevation Vegetation 
pee | 
Inches | Feet 
| Loam_....------ Weak fine Very friable__.|6. 5-7.0 | 
| granular. — e i 
seats do...........| Weak prismatic.} Friable........|6.8-7.5 Hawaii] 30-50 12, 000-5, 500 | C» (locally 
ewe do...........| Weak medium  |.....do.........16. 8-7. 5 meq | », Da). 
| prismatic. Maui.) 25-50 1,000-4,000 | Cz Ci. 
loamy voleanic 88h..-.......elc necne eese eni s cence — 
slightly weathered, mainly 30 to more than 80 inehes 
Loam to very Weak very fine | Very friable___|6. 0-7. 0 | 
finesandyloam| crumb, | 
Loam........... Weak medium |..... dà. -...|6. 0-7.0 
blocky. 
Silty clay loam_.| Moderate fine Friable......../6.0-7.0 |\Maui.] 30-50 |1, 500-3,000 | Ci. 
to medium 


blocky. 
-| Weak fine or 
medium blocky 


Silty clay... -|6. 0-7. 0 


unconformable with overlying soil from ash, 18 to more than 


crumb. 


blocky. Mani.) 25-35 |1, 000-2, 750 Cy (locally 


volcanic aaa Aan Eaa a] 
ash or bedrock; lava bedrock occurs at depths ranging from 


Bilt loàm. ------- | Weak very fine | Loose--.-.---- 6. 0-7.0 
crumb. 
REIS do...........| Weak medium Very friable_._|6. 0-7. 0 
granular. 
ER, [: NNNM Weak medium  |..... [UE 6. 5-7.5 | 
blocky 


Maui.| 30-45 |2,000-4,000 | C». 


ainly 


Loam........... Weak fine Very friable...)6. 5-7. 5 | | 
OE [i E nde —— roe --...16. 5-7. 5 | | 
6. 5-7. 5 
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By far the greater part of the total area is used for grazing, and 
these areas are probably among the best pasturelands of the Hawaiian 
Islands in total production and quality of forage. Bermudagrass is 
the basic grass throughout most of the area. On the steeper slopes 
and poorer soils, yellow foxtail and ricegrass provide good cover, 
although they are poorer in quality, Near the lower altitude limits 
for these soils, Natal redtop is a short-lived perennial. Carpetgrass 
was at one time planted extensively in these areas but is now generally 
regarded as inferior to other species. Spanish clover is widespread. 
Of the introduced species, paspalums are the most important. Ber- 
mudagrass tends to choke out many of these species, but after plowing 
the land, an excellent stand of paspalums commonly reappears. 
They are among the most palatable of the grasses grown in the zone 
and will stand heavy and continuous grazing. White clover and some 
bluegrass are found near the upper limits of the area. Vetch, black 
medic, burclover, and Indian sweetclover occur throughout the 
area. Annual herbs and weeds are repressed by the sod-forming 
grasses, but when the pastures are plowed a great variety of good 
forage species such as Spanish needle, kukaipuaa, hairy sandbur, 
horseweed, purslane, and plantain develop. 

Management is highly important in the development and main- 
tenance of good pastures. Periodic plowing appears to be the solution 
to the tendency of Bermudagrass to choke out other desirable species. 
If by careful management the annual grasses and clovers are permitted 
to mature, reseeding is generally not necessary after plowing. Control 
of several shrubs, including lantana in the lower part of the area, 
and joee and pamakani throughout the rest of the area, is important. 
Plowing provides only temporary control. Power mowers on lands 
adapted to the use of machinery have been especially effective on 
Maui. In some places the old grasses are burned periodically to 
control these undesirable shrubs and also to remove the dense mat 
of dry Bermudagrass that tends to form. Considering the great 
variety of good forage species adapted to them and their high carrying 
capacity, pastures on these soils are among the best in the Hawaiian 
Islands for fattening cattle. In addition to the large amount of forage 
produced, production is not so seasonal as in the lower lying and drier 
areas. 

The soils are fertile: they are very high in bases including potassium 
and calcium. The pH values are generally near 7.0. Rapid chemical 
tests indicate considerable variation in available phosphorus, but 
other plant nutrients appear to be present in abundance in pastured 
areas. 

The soils of this family are grouped in table 74 with other soils 
of the Reddish Prairie group according to their suitability for use of 
machinery. It will be noted that a relatively large number of soils 
are at least moderately well suited to the use of machinery. These 
soils are deep and gently or only moderately sloping and have few 
or no loose stones on the surface. Erosion at the present time is 
generally slight or moderate, but if the soil is clean-cultivated, control 
of erosion on the sloping areas would be a serious problem. Those 
areas that are adapted to the use of machinery could be used for a 
variety of vegetable crops, but production is confined to crops that 
thrive in a cool climate. For the remaining soils on which slope, 
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stoniness, or depth to bedrock are so severely limiting that culti- 
vation is difficult or impossible, pasture is undoubtedly the best use. 
Suitability for use of machinery, however, is important not only for 
cropped but also for pastured areas. Control of noxious shrubs and 
periodic plowing to improve the pasture stands are important pasture 
management operations that are possible only on soils adapted to 
machinery. The potential area adapted to vegetable crop production 
on these soils is far more than required to satisfy the market of the 
Hawaiian Islands. 
WAIMEA SERIES 


The Waimea series consist of mellow, dark-brown soils in the cool, 
moist regions between elevations of 1,000 and 4,500 feet on the slopes 
of Mauna Kea and Haleakala, Precipitation ranges from 25 to 50 
inches a year. Most of the area is in vegetation zone Cs, but near the 
wetter limits it locally extends into vegetation zone E; or Ds. 

The soil profile is characterized by a dark-brown or very dark- 
brown A horizon over a dark yellowish-brown B horizon that rests 
on variously colored layers of sandy or loamy volcanic-ash parent 
material. 

Modal profile of the Waimea series: 

Ay 0 to 6 inches, dark-brown loam; weak fine granular structure; very 
friable when moist, nonplastie when wet; pH 6.5 to 7.0; roots very nu- 
merous. 

Ai 6 to 10 inches, similar to Àj but lighter in color and weakly prismatic 
in structure; pH 6.8 to 7.5; roots numerous. 

B 10 to 36 inches, dark yellowish-brown loam; weak medium prismatic 
structure; friable when moist, nonplastie when wet; pH 6.8 to 7.5; roots 
present, 

C 36 inches +, variously colored layers of sandy or loamy volcanic ash 
apparently slightly weathered; rests unconformably on slightly weath- 
ered lava, which replaces C and part of B in shallow phases. 

Thickness of the A, horizon ranges from 8 to 15 inches. Depth to 
the unconformable bedrock ranges from as little as 8 or 10 inches in 
some places to more than 5 feet. The soil is dominantly more than 2 
feet thick over unconformable lava bedrock. The pH values are 
generally near 7.0 and commonly are slightly more acid in the surface 
layer than in the rest of the profile. There is no evidence of a zone of 
calcium carbonate accumulation. 


Waimea fine sandy loam, gently sloping phase (2 to 8 percent slopes) 
(W2»).—This soil is confined to the island of Hawaii in the vicinity 
of Waimea and eastward in the vicinity of Waikii. There has been 
little or, at most, only moderate erosion. The soil profile and its 
variations are essentially those described for the series, except that 
the A and B horizons are fine sandy loam in texture. The A horizon 
particularly is very loose and mellow and is apparently high in organic 
matter. 

Most of this soil is used for grazing. Bermudagrass is dominant 
in unimproved pastures, but a variety of grasses described under Use 
and Management occur throughout the area. Bermudagrass tends 
to form one-grass pastures unless special practices are employed. 
Toward the eastern part of the area, rattail and some Hilograss and 
Dallisgrass appear in the association. In the vicinity of Waikii, a 
large part of this area has been improved. Corn is planted on approxi- 
mately one-fifth of the area in that vicinity each year, and the value 
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of the corn crop was reported to pay approximately for plowing the 
land. The principal advantage of growing the corn crop appears to 
be the breaking up of the Bermudagrass sod, which permits other 
grasses to come in naturally. The carrying capacity of these improved 
pastures is high; it was estimated on Parker Ranch to be from 2 to 3 
acres per head, in comparison with about 4 acres per head on the 
native pastures of Bermudagrass. 

Of the introduced species paspalums are the most important. Even 
in areas where paspalum appears to have been smothered by Bermuda- 
grass, it reappears after plowing the sod. Kikuyu is a more recent 
introduction but is not considered as palatable or nutritious as the 
paspalums. A number of pasture legumes are also common, including 
white clover near the upper altitude limits of the phase, and vetch, 
black medic, burclover, and Indian sweetclover. In the higher lying 
parts of this soil Kentucky bluegrass is prominent. 

Most of this area would be well suited to cultivation and is well 
adapted to a variety of vegetable crops. Cabbage, lettuce, celery, 
cucumber, corn, daikon, beets, rutabagas, and rhubarb are grown on 
similar soils in the locality and would be expected to do equally as 
well on this phase. The gentle slopes make tillage with machinery 
relatively easy, and the problem of erosion on such gentle slopes is 
not serious. A few small areas east or southeast of Waimea have 
some loose stones on the surface and a few bedrock outcrops. These 
areas are limited in extent and are shown on the soil map by stone 
symbols. 


Waimea fine sandy loam, sloping phase (5 to 15 percent slopes) 
(W2n).—This is a dark mellow soil high in organic matter. It occurs 
on the islands of Hawaii and Maui at elevations mainly between 2,000 
and 3,500 feet above sea level. The soil profile is similar to that de- 
scribed for the Waimea series, except that textures of the A and B 
horizons are fine sandy loam instead of loam. In most places the 
soil is at least moderately deep; locally on the island of Maui in the 
vicinity of Kula, small areas with only 12 to 24 inches of so!l over 
bedrock and with a few loose stones on the surface have been included. 
These areas are indicated on the soil map by stone symbols. 

The soil is used for pasture and vegetable crops. Bermudagrass 
is dominant in unimproved pastures. In the vicinity of Waikii on 
the island of Hawaii, pastures are plowed once about every 5 years 
and planted to corn. Fair yields of corn are obtained, but considerable 
difficulty is encountered from insect damage and in curing the har- 
vested crop. On Parker Ranch the value of the corn crop was con- 
sidered to be about enough to pay for the renovation of pasture. 

After the corn crop, the land 1s allowed to revert to pasture, and 
paspalums and other introduced species reappear in the stand. On 
Parker Ranch the carrying capacity was estimated to be no less than 
that of the nearly level phase—about 2 or 3 acres per head after crop- 
ping to corn, in contrast to 4 acres per head on unimproved pastures. 

On the island of Maui, mainly in the vicinity of Kula, the important 
crops on this soil are potatoes, cabbage, carrots, and lettuce. These 
crops are grown principally on the Tess strongly sloping parts. If 
they are planted on the more strongly sloping parts, considerable care 
must be exercised to control erosion. The soil is subject to rather 
severe washing. It is considered excellent for vegetables on the island 
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of Maui, and areas on the island of Hawaii presumably would be 
equally productive. It is a fertile soil that is moderately easy to 
work, and it can be conserved under cultivation by appropriate 
practices. 


Waimea fine sandy loam, knobby phase (3 to 10 percent slopes) 
(W2r).—This soil has complex topography but relatively gentle slope 
radients. The topography consists of a series of small knolls or 
nobs in association with shallow depressions or short gentle slopes. 
The complexity of slope makes this soil more difficult to work than 
uniformly sloping soils with similar gradient. In addition, the short 
moderately sloping knolls are subject to rather severe erosion and the 
material washed from them accumulates in the small depressions. 
Erosion has not been a serious problem under the dense grass vegeta- 
tion characteristic of the phase, but if the soil were used for cultivated 
crops, washing would be severe. 

At present all of the soil is used for grazing. It supports the 
characteristic Bermudagrass pastures in unimproved areas. Near 
the wetter limits of the phase eastward from Waimea, rattail and 
some Dallisgrass and Hilograss appear in the stand. In improved 
pastures paspalums are important. Bermudagrass tends to become 
the dominant grass throughout the area, and plowing is apparently 
the best means of renovating this dense Bermudagrass sod and per- 
mitting establishment of other desirable species. This soil is suited 
to the use of machinery, but provision should be made for quick 
reestablishment of pasture swards to control erosion after plowing. 
This phase is also adapted to the use of power mowers for control of 
noxious shrubs. 

Vegetable crops are not so well adapted on this phase as on the 
sloping or gently sloping phases. They could be produced on at 
least parts of the area if proper conservation practices were followed. 
In most places the soil is at least 24 inches thick over bedrocks, but 
locally on the small knolls bedrock may lie within 8 or 10 inches of 
the surface. In few places, however, is it near enough to the surface 
to interfere seriously with cultivation. Most of the soil has only a 
few loose stones on the surface. 


Waimea fine sandy loam, rolling phase (5 to 20 percent slopes) 
(W2a).—This soil has very complex topography. It consists of a 
series of knolls with slopes mainly of about 10 or 15 percent separated 
by small uniformly sloping areas with slopes mainly of about 5 
percent. The area as a whole slopes gently toward the sea. On 
the knolls the soil is generally shallow, and when it is cultivated, 
bedrock is commonly encountered. Locally a few small areas of 
bedrock outcrop occur. On the lower slopes of these small knolls 
and on the uniformly sloping areas, the soil is deep. 

The knolls and small depressions form a very intricate pattern, 
and machinery is therefore very difficult to use. Power mowers 
can be used, however, for control of shrubs in pastures. If areas of 
this soil are used for intertilled crops, they are subject to very severe 
erosion, The complex topography makes the use of appropriate 
conservation practices, such as contour cultivation and stripcropping, 
extremely difficult. Consequently, this soil is probably better used 
for pasture than for cultivated crops. 
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Essentially all of the area is now in pasture. It supports the 
typical Bermudagrass association characteristic of Waimea soils. On 
the island of Maui some orchardgrass and paspalums occur in the 
stands, but with time, Bermudagrass tends to become dominant. 
Some cactus and lantana have encroached into the area. These are 
not present on the island of Hawaii. 

This phase is considered good grazing land. Its carrying capacity 
was not determined, but it probably would be near that reported for 
unimproved pastures on the sloping phase of the same type; that is, 
about 4 or 5 acres per head. Management is difficult, however, 
because of the problem of plowing or doing other work that would 
encourage the growth of grasses other than Bermuda. On the island of 
Maui a few small plots of vegetables are grown on the smoother areas 
and in the small depressions characteristic of the phase. 


Waimea fine sandy loam, hilly phase (12 to 30 percent slopes) 
(W2z).—The topography on which this soil occurs consists of hills 
with complex slopes separated by small gently sloping areas. The 
whole area slopes gently toward the sea. On these complex and 
moderately steep slopes, the use of machinery is extremely difficult 
or impossible. In most areas bedrock approaches the surface of the 
soil on the most strongly sloping parts and crops out in a few places. 
Generally there are a few loose stones on the surface. On the lower 
parts of the slopes, on concave slopes, and in small depressions between 
the hills, the soil is generally deep. The soil profile in these deep 
areas is similar to that described for the series, except that the texture 
is generally a fine sandy loam. The best use of this soil is probably 
for pasture. 

This is a good grazing soil, but since it is easily erodible, care must 
be taken to avoid overgrazing, The carrying capacity of the soil 
was not determined, but it is probably somewhat less than that of 
unimproved pasture on the sloping phase. Water relations are not 
so good; more of the water runs off during the heavier rains than from 
the sloping phase, and the shallower depth to bedrock on the steeper 
parts of the slopes causes lower water-holding capacity. The soil is 
fertile, however, and supports dense stands of grasses usually domi- 
nated by Bermuda. These areas are very diflicult to improve; 
machinery can be used only with extreme difficulty and such practices 
as plowing are generally not feasible. 


Waimea loam, nearly level phase (0 to 3 percent slopes) (W2w).— 
This phase is confined to the vicinity of Waimea on the island of 
Hawaii. Most of the vegetable crops produced in this area are grown 
on this soil. The texture is loam throughout the A and B horizons, 
and in some areas the soil material appears to be at least partly alluvial 
in origin. In a few places the textures are heavier than usual, and 
in some of the vegetable gardens they approach a clay loam. In such 
places layers of gravel and cobbles may be found in the deep subsoil. 

This is an excellent soil for vegetable crops. Cabbage, lettuce, 
celery, corn, cucumbers, rhubarb, rutabagas, and burdock are grown on 
it for shipment to the Honolulu market. With adequate water for 
supplementary irrigation, crops can be raised the year round; but 
during the period from June to October, droughts can be expected 
approximately 1 out of every 2 or 3 years. Locally on some of the 
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more nearly level areas heavy rains may cause some damage. Vege- 
tables produced in this section are very high in quality. The area 
that is now used for vegetable crops could be considerably expanded. 

This soil should be at least equivalent to the gently sloping phase 
in productivity of pasture. Bermuda is the dominant grass, but in 
improved pastures on similar soils, paspalums and other more palatable 
and nutritious species can be encouraged by proper management. 
This soil should be well adapted to the practice of plowing every 5 or 
6 years, growing a crop of corn, and then allowing the soil to revert to 
pasture. A similar practice followed on the gently sloping phase is 
reported to be highly successful in the vicinity of Waikii on the island 
of Hawaii. 

No data were obtained as to carrying capacity of this soil, but esti- 
mates are about 2 acres per head on improved pastures. The carr ying 
capacity of unimproved pastures on similar soil was reported to be 
near 4 acres per head. 


Waimea loam, moderately steep phase (12 to 25 percent slopes) 
(W2x).—This soil has uniform but moderately steep slopes. It occurs 
entirely on the island of Hawaii in the vicinity of Puu Pili on the 
slopes of Kohala mountain. This phase is generally not as deep as 
the associated soils on less strongly sloping areas, but bedrock outcrop 
is uncommon and only a moderate number of stones occur on the 
surface. The soil profile is like that described for the series except 
that bedrock generally occurs between depths of 20 and 36 inches. 
Locally, shallower areas are included. 

Probably the best use of this soil is for pasture. It supports a dense 
sward dominated by Bermudagrass. The carrying capacity is at 
least moderately high, probably near 5 or 6 acres per head. Improve- 
ment of these pastures, however, is somewhat difficult. Steepness of 
slope hinders the use of machinery. Although pastures can be mowed 
for the control of noxious shrubs, plowing to encourage grasses such as 
the paspalums is difficult and encourages severe erosion, ‘This soil 
is very poorly suited to intertilled crops because of working difficulties 
and extreme susceptibility to erosion. 


Waimea stony loam, moderately steep phase (12 to 25 percent 
slopes) (W2n).—This is a stony soil. It occupies the westerly slopes of 
Kohala mountain on the island of Hawaii, The soil is generally shal- 
low or moderately deep, averaging about 15 inches over bedrock. 
Pockets of deep soil are too small to work separately but are common 
throughout the area, particularly in the vicinity of cinder cones. In 
the deeper pockets, the soil profile is similar to that described for the 
Waimea series; but in the shallower areas the color is lighter than that 
of more gently sloping soils of the same series. 

This is a good grazing soil, and the carrying capacity is at least 
moderately high. Care must be taken not to overgraze, as the soil is 
easily eroded when grazed too closely. Stoniness and ‘strong slopes 
practically prohibit the use of machinery for mowing to control 
shrubs and generally make pasture improvement difficult. The soil is 
very poorly suited to cultivation because of its stoniness, steep slope, 
and occasional rock outcrops. If plowed, the soil would be subject to 
very severe erosion. 
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PANE SERIES 


The Pane series are dark soils with sandy or loamy A, horizons 
over reddish-brown heavier textured B horizons. They occur south 
of Makawao on the slopes of Haleakala at elevations between 1,500 
and 3,000 feet above sea level. They receive between 30 and 50 
inches of annual rainfall. These soils occur principally at lower eleva- 
tions than adjacent areas of the Waimea series and fall within vege- 
tation zone C,. The parent material appears to be volcanic ash; but 
judging from the increasing clay content with depth, it might be 
assumed that the surface layer is derived from a much more recent 
deposit than the underlying B or C horizons. 

Modal profile of the Pane series: 

An 0 to 7 inches, dark-brown loam to very fine sandy loam; weak very fine 
crumb structure; very friable; pH 6.0 to 7.0; roots very numerous. 

Ay 7 to 12 inches, brown loam; weak medium blocky structure; very friable; 
pH 6.0 to 7.0; roots very numerous. 

B 12 to 45 inches, reddish-brown silty clay loam; moderate firm to medium 
blocky structure; friable when moist, nonplastic when wet; pH 6.0 to 
7.0; roots present. 

C 45 inches +, brown silty clay; weak fine or medium blocky structure; 
friable when moist, nonplastic when wet; pH 6.0 to 7.0; few roots; rests 
uneonformably on slightly or moderately weathered lava. 

The thickness of the loamy A, horizon varies from 10 to 15 inches 
in most places, but locally in small depressions it may be as much as 
24 inches. Thickness of this layer generally increases from north to 
south, parallel to the contour of the land, and also from lower to 
higher elevations. At the upper limits of the series, these soils grade 
into the Waimea, soils, which have loam or fine sandy loam textures 
throughout the solum. In the vicinity of Makawao, they grade into 
soils of the Humic Latosol group; and, at the lower elevations into 
soils of the Low Humic Latosol group. Thus, this area represents a 
transitional zone in which three broad groups of soils grade into one 
another. 


Pane fine sandy loam, sloping phase (5 to 15 percent slopes) (Px).— 
This phase makes up the more uniformly sloping areas of Pane soils, 
but even on these areas there is generally some roll of the soil parallel 
to the contour. In addition there is a general slope toward the sea. 
Throughout the greater part of the area, slopes range mainly from 5 to 
10 percent, but locally slopes as steep as 15 percent have been included. 
The soil profile is essentially that described for the Pane series. Im- 
portant variations include small areas on concave slopes where mate- 
rial washed from the adjacent soil has accumulated to form a soil 
deeper to bedrock than normal. The A, horizon may be as deep as 24 
inches. In association with these areas are moderately eroded spots 
on which all of the A; horizon has been removed. Locally afew severely 
eroded areas of limited extent have been included. 

At the lower elevations a part of this phase is used for pineapple. 
The soil occurs where temperatures are more favorable for pineapple 
production than on most soils of the Waimea family. The soil has 
excellent physical condition for tillage and has good water-holding 
capacity. It is high in bases, including both calcium and potassium, 
but rapid chemical tests indicate it is quite variable in available 
phosphorus. Yields of pineapple on this soil are probably less than on 
the adjacent areas at lower elevations. Iron deficiency is less pro- 
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nounced than on soils of the Lahaina family, where pineapple produc- 
tion is at its best. 

A relatively large part of the total area is used for pasture. The 
natural vegetation consists of open stands of shrubs and grasses, and, 
with few exceptions, ground coverage is excellent. Lantana occurs 
and in some places is a serious pest. Koahaole commonly occurs near 
drainageways that dissect the areas. Grasses are particularly vigorous, 
and Bermudagrass is the dominant species in most places. On the 
eroded spots, ricegrass, pilipiliula, and yellow foxtail are common. 
Natal redtop is an important component in pastures. Several desir- 
able legumes including vetch, black medic, and burclover occur within 
the area. 

Data were not obtained on the carrying capacity of this soil, but 
it is presumably somewhat less than that for similar soils of the 
Waimea series. Although rainfall is similar on the two series, the 
occurrence of this soil at somewhat lower elevations probably makes its 
production more seasonal and lower in yearly total. It is one of the 
best soils for grazing, however, and pastures are exceptionally high in 
quality for fattening cattle. 

The soil is exceptionally erodible, and if plowed the utmost pre- 
caution is necessary for its conservation. Erosion is a particularly 
serious problem in pineapple fields. Contour operations and appro- 
priate measures to control runoff are required. A very large part of 
the cultivated area has had some degree of erosion. 


Pane fine sandy loam, eroded rolling phase (5 to 20 percent slopes) 
(Pw).—Areas of this soil are generally on complex slopes. All of the 
A, and a considerable part of the B horizon have been lost. A few 
loose stones, apparently uncovered by erosion, are on the surface in 
some places. Locally bedrock may crop out on the more steeply 
sloping parts of the numerous knolls or small sloping ridges that make 
up the areas. Material washed from the slopes has accumulated 
between these knolls and ridges and has formed a soil in which the 
apparent A, horizon may be as much as 24 inches thick. In most 
places on the eroded knolls, a thin weakly developed A, horizon has 
formed in what was originally the lower part of the B, or the B; 
horizon. 

This soil is cultivated where it occurs in association with cultivated 
areas of the sloping phase. Erosion is most prominent on these areas, 
and shallow gullies occur that give a washboard effect to the generally 
sloping surface. The complexity of the slopes makes erosion control 
practices, such as contour cultivation and construction of diversion 
terraces, extremely difficult. Probably this soil is better suited to 
pasture than to cultivation, but where it occurs in cultivated fields it 
is used in association with the less severely eroded sloping phase. 


Bermudagrass is dominant in the plant association and forms a con- 
tinuous cover except on actively eroding spots on the steepest slopes. 
Tn most places the normal grass vegetation appears to be an effective 
cover for controlling washing. Natal redtop is also common, and 
pilipiliula, yellow foxtail, and ricegrass form a large part of the stand. 
Paspalums are adapted; kikuyu, although less palatable and nutritious 
than the paspalums, is probably exceptionally well suited because of 
its vigor and the protective cover it would provide. 
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No data were obtained on carrying capacity of this soil, but it is 
probably somewhat less than that of the sloping phase of Pane fine 
dy loam, and less than that of Waimea fine sandy loam, rolling 
phase. 


IO SERIES 


The soil of the Io series is derived from voleanic cinders. It occurs 
on the slopes of Haleakala between elevations of 1,000 and 2,750 feet 
in the vicinity of Ulupalakua. It is in the driest part of the region of 
Reddish Prairie soils; rainfall ranges from 25 to 36 inches a year. It 
is mainly in vegetation zone C, but extends slightly into vegetation 
zone B at the lowest elevations. 

The Io soil is characterized by a dark-brown or brown A, horizon 
over a yellowish-brown friable B horizon. The B horizon is transi- 
tional from the loamy A horizon to the brown or black unweathered 
volcanic cinders of the C horizon. The soil is nearly neutral through- 
out the profile. 

Modal profile of the Io series: 


An 0 to 4 inches, dark-brown loam; weak fine crumb structure; very friable 
when moist, nonplastic when wet; pH 6.5 to 7.5; roots very numerous. 

Aw 4 to 8 inches, brown loam; weak fine crumb structure; very friable when 
moist, nonplastic when wet; pH 6.5 to 7.5; roots numerous. 

B 8 to 18 inches, yellowish-brown loam; weak medium blocky structure; 
friable when moist, nonplastic when wet; pH 6.5 to 7.5; roots present; 
generally contains some partly weathered cinders. 

C 18 inches +, brown or black, unweathered volcanic cinders; lava bedrock 
lies unconformably at depths ranging from 12 to more than 60 inches. 


The major variation within the series is in depth to bedrock. In 
some places the B horizon may rest directly on this lava, but in prac- 
tically all places some evidence of volcanic cinders is apparent within 
the solum. Colors of the A horizon range from brown or slightly red- 
dish brown at the lowest elevations to dark brown where these soils 
join the soils of the Ulupalakua series at the highest elevations. Gen- 
erally, there is some gravel, apparently from volcanic explosions, 
throughout the solum. In most places even the A horizon is some- 
what gritty because of the presence of partly weathered volcanic cin- 
ders. In these soils the cinders are less completely decomposed than 
in soils of the Ulupalakua series, which have received more rainfall. 


Io cindery loam, slopes undifferentiated (5 to 20 percent slopes) 
(Ic).—-The soil profile and its variations are those described for the 
series. 

Most of this soil is used for grazing. Vegetable crops are grown in 
small areas near the upper elevation limits of the series in the most 
favorable locations. Generally rainfall is not sufficiently dependable 
to insure good vegetable production at all seasons of the year. 

In unimproved pastures Bermuda and Natal redtop are the prin- 
cipal grasses; they occur in association with lantana or, at the lower 
elevations, with cactus. The pastures in the general area of Io soils 
usually have a considerable amount of introduced grasses, such as 
those of the paspalum species. Koahaole also volunteers in some parts 
of this zone. Bermudagrass tends to dominate on this soil, but paspa- 
lums may reappear in excellent stands after plowing the sod in areas 
where they have apparently been smothered out. Plowing is one of 
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the most effective means of renovating pastures on this soil, but at the 
date of survey it was not generally practiced. 

This soil can be mowed for the control of shrubs and other weeds. 
In some places the use of machinery is difficult because of occasional 
outcrop, some loose stones on the surface, and relatively strong slopes. 
Throughout most of the area, however, machinery can be used with 
little difficulty. 

ULUPALAKUA SERIES 


The Ulupalakua series, derived from volcanic cinders, is analogous to 
the Waimea series derived from volcanic ash. Throughout the solum 
the texture is generally a silt loam that is somewhat finer than the 
most common textures in the Waimea soils. The immediate surface 
horizon is usually very dark brown or almost black. Ulupalakua 
solls are on the island of Maui. "They occur at elevations ranging from 
2,000 to 4,000 feet above sea level in the vicinity of Ulupalakua. They 
receive between 30 and 45 inches of rainfall annually and are entirely 
in vegetation zone C. 

Modal profile of the Ulupalakua series: 

Ag 0 to 2 inches, very dark brown silt loam; weak very fine crumb struc- 
ture; loose when moist, nonplastic when wet; pH 6.0 to 7.0; roots very 
numerous. 

Ay 2 to 11 inches, brown silt loam; weak medium granular structure; very 
friable when moist, nonplastic when wet; pH 6.0 to 7.0; roots numerous. 

B 11to 32 inches, brown eindery silt loam; weak medium blocky structure; 
very friable when moist, nonplastic when wet; pH 6.5 to 7.5; generally 
this material is gritty because of the presence of partly weathered 
volcanic cinders. 

C 32 inches +, brown or black volcanic cinders only slightly weathered; 
various unconformable layers of cinders and ash occur above the slightly 
weathered lava bedrock, which is mainly at depths of more than 8 feet. 


The soil varies considerably in thickness of solum over unweathered 
cinders. Locally there may be only 24 inches, but in some places the 
B horizon may extend to depths of 50 inches. Generally the lower 
part of the B horizon is a transitional layer in which cinders in various 
stages of decomposition occur. The underlying beds of volcanic 
cinders and coarse volcanic ash are somewhat cemented. The soil is 
generally deep over unconformable lava bedrock. 

Two phases of Ulupalakua soils have been mapped. Inasmuch as 
the area occurs in a zone mapped in reconnaissance, slopes were not 
differentiated to the extent that they would have been in detailed 
mapping. 

Ulupalakua silt loam, sloping phase (5 to 20 percent slopes) (Ur).— 
This soil is typical of the Ulupalakua series. It is dominantly used 
for pasture or is in forest reserve, but in some places on the gentler 
slopes it would be well suited to machine cultivation and could be 
used for vegetable crops. In most places, however, the slopes are 
steep enough to make the soil subject to severe erosion if clean 
cultivated. 


Bermudagrassis dominant throughout the area, but introduced grasses 
of various kinds are generally present. It was reported that a koa 
forest once occupied most of the area of Ulupalakua soils on Maui. 
At the present time there are a few remnants of that old forest at the 
higher elevations, but most of the soil is uninterrupted grassland. 
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Pastures are highly productive of high quality forage. No esti- 
mates of carrying capacity were obtained, but these soils should be 
as productive of pasture as soils of the Waimea series. Improved 
pastures would probably carry one head for every 2% acres, and un- 
improved pastures one bead for every 3 or 4 acres. Of the planted 
species, paspalums are probably the most important. They are among 
the most palatable of the grasses suited to this zone and will grow well 
in mixed swards. Bermudagrass tends to become dominant with 
time. On the less strongly sloping areas, plowing at intervals of 5 
years or more would help reestablish more desirable plant associations. 
On the more strongly sloping areas, plowing is difficult because of the 
slopes and probably would allow severe erosion before new stands of 
grasses could become established. The soil, however, is practically 
free from stones, boulders, and bedrock outcrops. 


Ulupalakua cindery loam, cinder-cone phase (10 to 45 percent 
slopes) (Up).— This unit includes a relatively wide range of soil con- 
ditions in the general region of Reddish Prairie or Reddish Brown 
soils on the islands of Maui and Hawaii. The soil profiles range from 
that described for the Ulupalakua series to a thin soil only 10 or 15 
inches thick over raw cinders. 

Areas of this phase generally support the same kinds of pasture 
plants as the sloping phase of Ulupalakua silt loam, but pastures are 
generally somewhat less productive. The open porous substratum 
and generally shallower depth of soil over cinders makes this phase 
somewhat more droughty than the sloping phase. No data were 
obtained on carrying capacity, but it is probably considerably less 
than on Ulupalakua silt loam, sloping phase. "The soil is subject to 
rather severe erosion if the sod is broken; in some places gullies have 
cut down to the raw volcanic cinders. Areas of this phase generally 
occur as almost symmetrical cones with slopes so steep that the use 
of machinery is generally not feasible. 


UNDIFFERENTIATED UNITS 


All of the soils of the Waimea family that are very shallow over 
bedrock have been grouped, regardless of series, into two undiffer- 
entiated units—Waimea family, very shallow phases; and Waimea 
family, very shallow phases—Aa lava complex. The first unit con- 
sists of soils that are mainly less than 12 inches deep to bedrock but 
have infrequent bedrock outcrops. "The second unit consists of soils 
of similar depth that have bedrock outerops on 20 to 50 percent of 
the total area. The Waimea family is used to include these two 
undifferentiated units, although the B horizon is commonly only a 
very thin layer or entirely absent. 


Waimea family, very shallow phases (3 to 30 percent slopes) 
(W252).—The soils of this unit are shallow and stony. They have, 
however, an almost continuous soil cover that is in most places 4 to 12 
inches deep over bedrock. Most of this unit has an A; horizon and a B 
horizon. In some areas, however, the B horizon is lacking and the A, 
rests directly on bedrock. In most places the underlying lava is of 
the Aa type and is loose and broken. It crops out only occasionally, 
but loose stones and boulders from the bedrock fill the soil and litter 
the surface. The soil is unsuited to cultivation in its present condi- 
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tion, but some areas could be cultivated if the loose stones were 
removed. 

Less of this unit than of the less stony soils of the family has been 
improved. Practically all of it is used for grazing. It supports an 
association of grasses, herbaceous plants, and shrubs similar to that 
described for the Waimea family. Bermudagrass is dominant on 
most areas; it tends to form a one-grass pasture. Correction of this 
condition by plowing is not feasible on these very stony soils. The 
carrying capacity is probably somewhat lower than that of Waimea 
fine sandy loam, gently sloping phase, which was reported to carry 
one head for every 4 acres of unimproved pasture. This lower carry- 
ing capacity may be attributed to lower water-holding capacity and 
more frequent moisture deficiency than on the deeper soils of the 
family. The unit is valuable grazing land, however. 


Waimea family, very shallow phases—<Aa lava complex (3 to 30 per- 
cent slopes) (W2c).—These soils occur in the vicinity of Ulupalakua 
on the island of Maui. They are in the general region of Ulupalakua 
and Io soils. They are shallow and stony, and bedrock outcrops 
account for 20 to 50 percent of the total land surface. These areas 
are completely unsuited to the use of machinery. The lava bedrock 
is all of the Aa type and is rough and broken. Cattle can get over the 
area without too great difficulty, however, and the carrying capacity is 
high for such stony soils. 

Toae is dominant throughout most of the area, but yellow 
foxtail, pilipiliula, and ricegrass are more prominent than on deeper 
soils of the same family. The carrying capacity is reduced by the 
high proportion of bedrock outcrop and the shallowness of soil and 
resultant low moisture-holding capacity. 


SOILS OF THE NAALEHU FAMILY 


The relationships of soils of the Naalchu family to other families 
of the Reddish Prairie group are indicated in table 17 in the section on 
Relationships Among Soils of Hawaii. They are Reddish Prairie soils 
derived from older materials than those that have contributed to soils 
of the Pahala and Waimea families. The materials are volcanic ash, 
cinders, or mud flows that were highly weathered before they were 
deposited and have been subjected to moderate weathering since 
deposition. In this respect all of these soils differ from the other soils 
of the Reddish Prairie group. They have similar physical properties, 
however, and the pH values are generally only slightly less than those 
of other families of this group. 

These soils occur on the islands of Hawaii at elevations ranging 
from 800 to 2,500 feet above sea level. Average annual precipitation 
ranges from 30 to 70 inches, but in most places it is less than 60 
inches. Most of the area is in vegetation zone ©, but the soil 
extends slightly into vegetation zone B. 

Precise chemical data on the composition of the soils or their eation- 
exchange capacities are not available. Judging from the textures of 
the soils, however, it must be assumed that most of the primary 
minerals have been weathered. In this respect these soils are probably 
comparable to soils of the Low Humic Latosol group. The pH values 
are generally above 6.0, indicating a relatively high degree of base 
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saturation. The soils of this family may be considered transitional 
between the Reddish Prairie and the Low Humic Latosol groups. 
They were included with the Reddish Prairie soils principally because 
the A, horizons are generally darker than those of Low Humic Latosols. 

Three soil series have been included in the family. These are dif- 
ferentiated in table 76. It will be noted that two of these series are 
derived from fine volcanic ash. The soils of the Naalehu series have 
yellowish-red subsoils, whereas those of the Kamaoa series have 
reddish-yellow subsoils. These differences are associated with 
differences in elevation. The Naalehu soils occur at somewhat lower 
elevations than soils of the Kamaoa series in the same general region. 
In other respects the profiles are very similar. The third series, 
Makakupa, consists of soils of very recent origin derived from mud 
flows and material similar to that in landslides. These soils have very 
weakly developed profiles and are placed in this family more as inclu- 
sions than as characteristic soils. 


USE AND MANAGEMENT 


Where large enough areas occur at relatively low elevations, soils 
of the Naalehu family are used for the production of sugarcane 
without irrigation. The higher lying areas where temperatures and 
cloudiness are limiting or the small areas separated from tillable land 
are used mainly for pasture. 

Cane production on these soils is centered around Naalehu in the 
Kau section of the island of Hawaii. The soils are highly fertile, and 
in years of favorable rainfall they are productive. They are considered 
high in available potassium and phosphorus. Calcium is abundant. 
Intensive nitrogen fertilization is one of the primary fertilizer require- 
ments. Moisture is generally the limiting factor. 


TABLE 76.—Key, modal profile, and environment 


Modal profile 
Horizon Color (dry) 
Key Series Range in depth 
Letter to 
ssn. a Name Munsell 
bol Upper | Lower 
limit | limit 
Inches | Inches 
A. Derived from weathered vol- Ad 0 7-12 | Brown _____------- 10YR 4j/3-5/3.. 
canic ash with some weath- 
ered basalt: Ba 7-312 | 18-24 | Yellowish-red ____- 7.5YR B/6-5/8. 
1. With yellowish-red subsoils.| Naalehu. 
Ba DD 1... 2s [n — 7.5YR 5/8-6/8. 
Dee E eee Basalt bedrock at depths ranging 
ES 0 6-12 | Brown_.__.._-..-- 10YR 4/3-5/3.. 
2. With reddish-yellow sub- | Kamaoa. Ba 6-12 | 15-24 | Yellowish-red_..-- 7T.5YR 5/6-5/8_ 
sails. Ba | 15-24 |... Reddish-yellow...| 7.5YR 6/6-6/8. 
Ty szill- E RR. Basalt bedrock at depths ranging 


Al 0 &- 8 | Brown............ T.5Y R. 4/4-5/4. 


Yellowish-red. ...| 7.5YR 5/6-5/8. 
usseseps À mixture of fine earth and stones 


B. Derived from mud flows...... Maka- 
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Grasses are particularly vigorous in pastured areas. The natural 
vegetation consists of dense grass stands in association with a variety 
of shrubs. Bermuda is the most important grass, and lantana one of 
the most prominent shrubs. Competition with the grasses appears 
to reduce the vigor of the shrubby growth. Bermudagrass is partic- 
ularly prominent on areas of good soil and tends to Pond one-grass 
pastures. On the eroded slopes and shallow soils, pilipiliula, ricegrass, 
and yellow foxtail are more prominent. Natal redtop is generally a 
component in most pastures and is partieularly abundant in fields 
that have been plowed. Palatable herbaceous plants are important 
in areas that have been plowed, but they are suppressed to a large 
degree after Bermudagrass becomes established. Vetch, black medic, 
and burclover are also present. 


Many good forage species are adapted to these soils. Of the 
introduced species, paspalums are probably among the best, although 
kikuyu is also well adapted. The large tropical grasses such as 
Napiererass and panicums are also well adapted. Koahaole is well 
adapted to areas at the lower elevations, Pastures generally have a 
relatively high carrying capacity and are excellent for fattening cattle. 

Management plays an important part in determining the kinds of 
swards that develop. In other areas on similar soils, periodic plowing 
is used to break up Bermudagrass sods and permit renewal of the 
stands of the secondary species. Plowing is also effective in con- 
trolling the shrubby growth that tends to infest these areas. This 
practice should be adapted to the Naalehu soils. The use of temporary 
pastures as part of a rotation that includes corn has some possibilities 
on the tillable areas. 

Suitability of the soil to the use of machinery is extremely important 
in determining what soil may be cropped and the types of pasture 


of soil series of the Naalehu family 


Modal profile—Continued Environment 
| Vegeta- 
Texture Structure ED pH | Islana | Yearly 


Elevation | tion 
| rainfall zone 


Inches Feet 


Silty elay......... Moderate medi- | Very friable. ..__!6-0-7.5 

um crumb. 
m do___.....--..| Weak fine Friable..........|0. 

blocky Hawail. | 40-60 | 800-1,200 | Ci, B. 
NN do............1 Weak medium |.....do........... 

prismatic. 


from 24 to 80 inches; the weathered zone is thin. _-..-.___ 
Silty clay loam...| Moderate međi- | Very friable. 
um granular. 


TRE do..........-.| Weak Friable........_.|5. "1 
9 Since riable Hawati | 35-50 |1, 000-2, 250 | Cs. 
E, OO EH PNE | AEE NER E: PPE. = 


from 18 to 72 inches; the weathered zone is thin.. 
Stony clay loam..| Moderate medi- | Friable..___..___ . 


ui granular. do HawaiL| 60-70 |1, 000-2, 500 | Ci. 
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management adapted to the area. Soils of the Naalehu family are 
grouped in table 74 according to their suitability to mechanization. 
The sloping phases of the Naalehu and Kamaoa series are at least 
moderately well suited to mechanization. Cane is produced on soils 
of this kind. It will be noted in table 74 that a large proportion of 
soil units in this family are so limited by depth to bedrock, stoniness, 
or slope that they are poorly suited or completely unsuited to the 
use of machinery. As indicated on a generalized map of the island 
of Hawaii, the area of these shallow soils exceeds that of the deep 
soils well suited to the use of machinery. 

On soils at least moderately well suited to mechanization, pasture 
management may be greatly different from that on soils unsuited to 
mechanization. The moderately well suited soils may be made to 
produce better pastures of higher carrying capacity by plowing and 
reestablishment of more desirable species than Bermudagrass, whereas 
the soils unsuited to mechanization must be managed mainly by 
controlled grazing. 

Few vegetable crops are produced, although these soils are well 
adapted physically to such use. Rainfall is generally somewhat 
uncertain for good crop production throughout the year, but there is 
usually enough during the winter and spring months to produce a 
variety of vegetable crops. If irrigation water were available, all of 
the deep and gently sloping soils of this group would be well suited 
to year-round production of vegetables. 


NAALEHU SERIES 


The soil of the Naalehu series is a Reddish Prairie soil derived 
from weathered volcanic ash. It occurs at elevations ranging from 
800 to 1,200 feet above sea level in the Kau section of Hawaii. It 
receives an annual precipitation of 40 to 60 inches and is mainly in 
vegetation zone C,, but it extends slightly into vegetation zone B at 
the lower elevations. The soil is characterized by brown A, horizons 
that rest on yellowish-red or reddish-brown silty clay B horizons. 
This material rests on unconformable, slightly weathered lava bedrock 
at depths ranging from 18 inches to more than 5 feet. The soil is 
weakly acid or neutral throughout the solum. 

Modal profile of the Naalehu series: 1 


A; 0 to 10 inches, brown silty clay; moderate medium crumb structure; 
very friable when moist, nonplastic when wet; pH 6.0 to 7.5; roots very 
numerous. 

B» 10 to 21 inches, yellowish-red or reddish-brown silty clay; weak fine 
blocky structure; friable when moist, nonplastie when wet; pH 6.0 to 
7.0; roots numerous. 

Ba 21 to 48 inches, yellowish-red silty clay; weak medium prismatic struc- 
ture; friable when moist, nonplastic when wet; pH 6.0 to 7.0; roots 
present; material continues without consistent variation to bedrock, 
which has a very thin zone of weathering at its surface; depth to bedrock 
ranges from 18 to more than 72 inches. 


Small areas have been included that have a grayish surface soil and 
that tend to form clods in cultivated fields. These areas are notice- 
ably less productive than the rest of the soil, but the reasons are unde- 
termined. They are too small in most places to be separated at the 


35 Naalehu silty clay, sloping phase. 
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scale of mapping. The soil of this series varies considerably in depth 
to bedrock, which in most places is more than 40 inches. Locally 
small areas with only 18 inches of soil over rock may be encountered. 
Material washed from adjacent areas has accumulated in small tracts 
within the area of Naalehu soil, and it is here that cane production 
is generally at its best. 


Naalehu silty clay, sloping phase (5 to 15 percent slopes) (Npb).— 
This is the normal soil of the Naalehu series. Locally small areas 
with slopes of less than 5 percent are included. In the vicinity of 
Naalehu, a few small areas on which slopes may be as steep as 25 per- 
cent were included because of their small size. In the small local 
depressions with very gentle slopes, the material washed from the 
surrounding area has accumulated in some places to a depth of 2 feet. 
Most of this phase is not seriously eroded, and the soil profile and its 
variations are essentially those described for the series. 

A large part of this phase is used for sugarcane without irrigation. 
The soil is very fertile. The plantation reported it to be high in both 
available potassium and available phosphorus. Cane yields, however, 
vary with rainfall. Intensive nitrogen fertilization is required. The 
occurrence of small areas where the surface soil is grayish and tends 
to clod under cultivation is characteristic of the phase. Cane pro- 
duction in these areas is lower than on the rest of the soil. The phase 
is moderately well suited to mechanization of the cane industry, and 
production costs therefore can be lowered. The few small included 
areas with steep slopes have appreciably higher production costs, but 
the plantation reports their yields to be only slightly less. 

Relatively little of this phase is used for grazing, but it occurs 
where Bermudagrass dominates in association with Natal redtop and 
several shrubs (principally lantana). Pastures in these areas are 
among the best in the Hawaiian Islands. The carrying capacity is 
high, and the forage is well suited to fattening cattle. Production is 
somewhat seasonal because of limited rainfall during the summer and 
fall months. The tendency of Bermudagrass to dominate in the 
swards has been overcome in other areas of similar soils by periodic 
plowing. This practice permits the reestablishment of secondary 
species such as paspalums and also helps to control the shrubs that 
tend to invade these areas. 


KAMAOA SERIES 


The soil of the Kamaoa series is in the Reddish Prairie group. It 
occurs at elevations between 1,000 and 2,250 feet above sea, level near 
South Point on the island of Hawaii. The region has an annual rain- 
fall ranging from 35 to 50 inches. It is entirely within vegetation 
zone C, as defined in the section on Soils and Vegetation. 

The Kamaoa soil has a well-developed A, horizon over a reddish- 
yellow, silty clay loam B horizon. The parent material has some of 
the appearance of loess but is probably mainly Pahala ash. The soil 
is slightly or moderately acid throughout the solum. 

Bedrock in most places lies between depths of 30 and 70 inches, but 
locally it may be as little as 18 inches below the surface. The soil is 
generally free of outcrop, but it may have a few loose stones on the 
surface. 
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Modal profile of the Kamaoa series: ! 


A; 0 to 9 inches, brown silty clay loam; moderate medium granular struc- 
ture; very friable when moist, nonplastic when wet; pH 6.0 to 7.0; roots 
very numerous. 

Ba 9to 19 inches, yellowish-red silty clay loam; weak fine blocky structure; 
friable when moist, nonplastie when wet; pH 5.5 to 6.5; roots numerous. 

Bo 19 to 42 inches, reddish-yellow silty clay loam; weak fine blocky struc- 
ture; friable when moist, nonplastic when wet; pH 5.5 to 6.5; roots 
present; material rests on slightly weathered unconformable lava bed- 
rock at depths mainly more than 30 inches. 

Kamaoa silty clay loam, sloping phase (8 to 15 percent slopes) 
(K2a).—There has been little erosion on this soil. It is protected by 
a dense stand of grasses, but would be subject to severe erosion if the 
cover were destroyed. The soil profile and its variations are those 
described for the series. 

Practically all of the soil is used for grazing, and most of the pastures 
have been improved. Species present include Rhodesgrass, pas- 
palums, Bermudagrass, and some weeds and a few small shrubs. 
Pigeonpeas appear to be doing well in some areas. Normally these 
areas are dominated by Bermudagrass, which tends to form a one- 
grass sod. The encouragement of the associated species, such as the 
paspalums, is one of the principal pasture-management problems. 
On similar soils in other arcas, this has been accomplished by periodic 
plowing, which permits such species to volunteer without reseeding. 
This practice should be well adapted to this soil, which is at least 
moderately well suited to the use of machinery. Carrying capacity 
is probably somewhat less than that of the Waimea soils, but produc- 
tion is high in comparison with many soils, although somewhat sea- 
sonal. Pastures are excellent for fattening cattle. This is one of the 
best soils of the Hawaiian Islands for grazing. 

This soil lies at elevations somewhat higher than desirable for cane, 
but would be adapted to cultivation. Apparently vegetable crops 
would do moderately well during the wetter parts of the year. Pro- 
duction would probably be somewhat hazardous during the summer 
months because of limited rainfall. 

This soil is apparently fertile. Although data on availability of 
phosphorus have not been obtained, phosphorus would probably be 
limiting and nitrogen would be required under intensive cropping. 
The steeper parts would be subject to severe erosion if cultivated, 
and such practices as contour cultivation or stripcropping with appro- 
priate diversion terraces would be needed. In most places the slopes 
are relatively uniform and well adapted to these practices. 


MAKAKUPA SERIES 


The soils of the Makakupa series are derived from a mixture of 
stones and soil material deposited as mud flows or landslides in the 
general climatic region of Naalehu soils or under comparable climatic 
conditions. The soils should be considered inclusions that are not 
typical of the Naalehu family. They were placed in this family 
primarily because of their similar environment and small total extent. 
They are on the island of Hawaii at elevations ranging from 1,000 
to 2,500 feet above sea level. Average annual rainfall ranges through- 


i$ Kamaoa silty clay, sloping phase. 
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out the area from 30 to as much as 70 inches in some places. These 
soils occur entirely in vegetation zone Ci. 

These are very young soils in which a definite A, horizon has 
developed but in which the B horizon is a very thin zone that is 
transitional from A to C. 

Modal profile of the Makakupa series: 

A; 0 to 6 inches, brown stony clay loam; moderate medium granular 
structure; friable when moist, slightly plastic when wet, pH 6.0 to 7.0; 
roots very numerous. 

B 6 to 9 inches, yellowish-red stony clay loam; friable; contains spots of 
red and yellow material. 

C 9 inches +, yellowish-red stony clay loam streaked with red and yellow; 
weak medium blocky structure; friable when moist, slightly plastic 
when wet; pH 6.0 to 7.0; roots present; a mixture of fine earth and stones 
in which there has been little soil development; colors generally become 
grayer with depth. 

These soils are quite variable within short distances. Generally 
they are very stony, but the amount of stone fragments on the surface 
and in the soil varies from place to place. In most places the depth 
of unconsolidated material is very great, but at the lower end of the 
flows some areas may be shallow or moderately deep over solid bed- 
rock. The depth of soil material is accidental. The more gently 
sloping areas occur on the island of Hawaii in the Kau section. 


Makakupa stony clay loam, sloping phase (5 to 15 percent slopes) 
(Mr).—This soil is made up of areas on mud flows in the Kau section 
of the island of Hawaii. 

Areas of the soil within the cane-producing sections in the vicinity 
of Pahala are used for cane. Yields and fertilizer requirements are 
comparable to those on Pahala soils of similar topography. The soil 
appears to be relatively well supplied with bases, including potassium 
and calcium. Although available phosphorus is somewhat variable 
according to rapid chemical tests, it is generally higher than on most 
soils on which cane is produced. Intensive fertilization with nitrogen 
is required for good yields. At the lower elevations, rainfall is limited 
during some periods and cane yields may be reduced by lack of 
moisture. 

Most pastures consist primarily of Bermudagrass in association with 
such species as Natal redtop, pilipiliula, or ricegrass. Bermudagrass 
tends to form one-grass pastures in this area. At the lower elevations, 
lantana is a serious pest. The amount of forage produced is generally 
quite high and is comparable to that produced on the deep Pahala 
soils. The forage is considered excellent for fattening cattle. 

The stoniness of the soil makes the use of machinery in harvesting 
cane somewhat difficult. The removal of loose stones from the surface, 
however, considerably improves adaptation to mechanization. The 
slopes cause only moderate difficulty. Plowing for establishment of 
desirable grasses other than Bermudagrass would be possible on at 
least part of the area. 


Makakupa stony clay loam, moderately steep phase (12 to 30 percent 
slopes) (M.Q).— This soil includes the steeper parts of the Makakupa 
series on the island of Hawaii. It is a young soil developed on a 
relatively recent mud flow. The solum consists primarily of an A, 
horizon and a thin transitional zone between the A; and the underlying 
mixture of fine earth and stones that comprises the mud flow. 
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All of this soil is used for pasture. Bermudagrass is dominant 
throughout most of the area, but shrubs, including lantana, are prom- 
inent. The soil is stony and moderately steep, and pasture improve- 
ment is therefore difficult. Despite these unfavorable features, it 
produces fair grazing and supports the vegetation characteristic of 
zone C;. Production of forage is moderately high, and the quality is 
excellent for fattening cattle. Carrying capacity is probably some- 
what lower and more seasonal than on the sloping phase. No precise 
data were obtained as to carrying capacity. 


UNDIFFERENTIATED UNITS 


The very shallow soils of the Naalehu family have been grouped into 
undifferentiated units without regard to series. Those areas in which 
there is relatively little bedrock outcrop have been mapped as the 
Naalehu family, very shallow phases. ‘Those areas in which bedrock 
outcrop is common have been divided into two complexes based on the 
predominant lava outcrop. Where the outcrop is rough and broken, 
the soils have been mapped as the Naalehu family, very shallow phases 
—Aa lava complex. Where the bedrock outcrop is smooth and of the 
Pahoehoe type, the areas have been mapped as Naalehu family, very 
shallow phases—Pahoehoe lava complex. These units are described 
next. 


Naalehu family, very shallow phases (3 to 20 percent slopes) (N4).— 
This phase is confined to the Kau section of the island of Hawaii. It 
consists of areas on which the depth of soil ranges mainly from 6 to 20 
inches and averages between 10 and 12 inches over solid bedrock. 

The soil profile is essentially that of the surface 12 inches of the 
Naalehu soils. It consists of a well-developed dark A; horizon and a 

very thin, yellowish-red or reddish-brown B horizon above the uncon- 

formable bedrock substratum. Textures are mainly silty clays or 
silty clay loams. The presence of fine rock fragments makes the soil 
gritty. T Some large stones are usual on the surface and embedded in 
the soi 

Part of the area in the vicinity of Naalehu is used for sugarcane. 
In years of favorable rainfall, it produces about as well as the deeper 
soils in that area, but during periods of extreme drought an entire 
crop may be lost. The stoniness of these areas makes the use of 
machinery in cultivation and harvesting particularly difficult. Rock 
fragments are picked up in the harvested cane, and damage at the mill 
results. These soils are like many of the areas that have been retired 
from cane production since mechanization has become important. 

Where the soil is used for pasture, it supports a vegetation similar 
to that of the deeper soils of the Naalehu family. In most places 
Bermudagrass dominates, but on the shallower sites it is associated 
with Natal redtop, yellow foxtail, ricegrass, and pilipiliula. The 
carrying capacity is probably somewhat less than that of the adjacent 
deeper soils and production is more seasonal because of lower moisture- 
holding capacity of the soil. The forage is very high in quality for 
fattening cattle, however, and the soil must be considered at least 
fair for grazing. Pastures are hard to improve because of the stoni- 
ness and shallowness of the soil and the difficulty of using machinery. 


Naalehu family, very shallow phases—Aa lava complex (3 to 20 per- 
cent slopes) (N8).— This is a complex of very shallow soil and a high 
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proportion of bedrock outcrop. Barren bedrock occupies between 20 
and 40 percent of the total area. The intervening soil areas are 
similar to soils of the Naalehu series. The soil profile is mainly con- 
fined to the A; horizon, except for material in cracks and crevices of 
the underlying rock. This material approaches that of the B horizon 
of Naalehu series. The lava is generally rough and broken, and 
cracks and crevices are common. This complex therefore has better 
moisture-holding capacity than the Naalehu family, very shallow 
phases—Pahoehoe lava complex. The areas of bedrock outcrop in 
this complex are rough, broken, and very difficult to get over. 

All of this unit is used for grazing. The soil-covered areas support 
a Bermudagrass type of pasture that has an admixture of pilipiliula, 
yellow foxtail, and ricegrass. The carrying capacity is reduced by 
the high proportion of barren land surface as well as by the relatively 
low moisture-holding capacity of the soil. Pasture management is 
extremely difficult because of the rough, stony surface. No data 
were obtained on carrying capacity of this complex but it is presum- 
ably much lower than that of the deeper soils of the Naalehu family, 
but greater than that of the complex with Pahoehoe lava. The 
forage produced, however, is high in quality, and this land is valuable 
for fattening cattle. 


Naalehu family, very shallow phases—Pahoehoe lava complex (3 
to 20 percent slopes) (Nc).— This complex is similar to that previously 
described, but the soil is generally shallower and the bedrock outcrop 
is smooth and unbroken. It is estimated that between 20 and 40 per- 
cent of the total land area is oceupied by bedrock outcrop. This 
complex is much easier to get over than the complex with Aa lava. 
The amount of forage produced in pastures, however, is generally less 
because of the shallower depth of soil and the absence of cracks and 
crevices filled with soil material in the underlying rock. "The water- 
holding capacity of the soil is considerably less. 

The carrying capacity on this complex is low, but the forage pro- 
duced is of high quality for fattening cattle. Bermudagrass is domi- 
nant throughout most of the area. "There is probably a higher pro- 
portion of yellow foxtail and ricegrass on this complex than on the 
complex with Aa lava. The soil is used to good advantage for 
fattening cattle. 


LATOSOLIC BROWN FOREST SOILS 


The Latosolic Brown Forest soils are calcimorphic soils in humid 
regions where acid soils would be expected to develop. They have 
a dark-colored A, horizon and are relatively high in bases and organic 
matter. The A; grades to a lighter colored B horizon that is transi- 
tional to young volcanic ash high in bases. These are young soils 
on rapidly weathering materials high in bases. They occur on the 
islands of Hawaii and Maui at elevations ranging from 1,500 to 8,000 
feet above sea level. Precipitation ranges from 40 to 120 inches & 

ear. 
i The Latosolic Brown Forest soils include the following families: 
Hanipoe, Puu Oo, Maile, and Olinda. 
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SOILS OF THE HANIPOE FAMILY 


Relationships of soils of the Hanipoe family to other families of the 
Latosolic Brown Forest group are shown in table 17 in the section on 
Relationships Among Soils of Hawaii. The soils of this family occur 
on high mountains on the islands of Hawaii and Maui at elevations 
ranging from 3,250 to 8,000 feet above sea level. The zone receives 
precipitation ranging from 50 to 30 inches a year; the rainfall decreases 
with elevation. These soils are mainly in vegetation zone E; as defined 
in the section on Soils and Vegetation. "They extend on the windward 
sides of the mountains into vegetation zone D;, and at the highest 
elevations into vegetation zone Ez. 

The two most prominent characteristics of the profile are a very dark- 
brown or black A, horizon that is 4 or 5 inches thick and an underlying 
reddish-brown or red A; horizon that is 4 to 8 inches thick. This red 
horizon is generally more sandy than either the material above or below 
it. When it was first observed, it was thought to be an unconformable 
layer of red volcanic ash; but as it occurs at the same depth on three 
widely separated mountains, this hypothesis is quite unlikely, and the 
indications are that this layer is a genetic horizon in a specific climatic 
zone. The LE B horizon is a brown, very friable sandy loam 
or loam very much like the B horizon of Reddish Prairie soils. The 
soils of the Hanipoe family are apparently young soils, relatively high 
in bases, developed on basic volcanic ash in regions where the normal 
soils would be expected to be acid. 

Unpublished data by Sherman indicate that the fine soil materials 
are quite highly weathered. Silica-sesquioxide ratios of the colloid 
throughout the solum are near 0.5. Silica has been greatly reduced 
from that present in the original parent material, and aluminum and 


TABLE 77.—Key, modal profile, and environment 


Modal profile 
Horizon Color (dry) 
Key Series Range in depth 
Let- to— 
s " Name Munsell 
l | Upper | Lower 
limit | limit 
Inches | Inches 
At 0 4- 7 | Dark reddish- 5YR 3/2-2/2._. 
brown. 
Aa 4-7 5-10 | Red...---..-.-.--- 2.5Y R 4/6-4/8 
A. With moderately developed ; Hant- 
solumoverpartly weathered poe. B 5-10 | 21-30 | Brown............ 7.5Y R 4/4-5/4__ 
volcanic ash. 
Cc 21-30 |.......- Loam to silty clay loam, partly 
iE EI OEA Basalt or andesite bedrock at depths 
Tying soil from volcanic ash. 
At 0 3- 5 | Dark brown.......| 7.5Y R 3/2._... 
Aa as | #8) Red iu -a- 2.5Y R 4/6-4/8... 
B. With shallow, weakly devel- 
oped solum over slightly | Apakuie. | B 4-8] 12-24 | Brown. ........... 7.5YR 4/4-5/4.. 
weathered volcanic ash. 
[e] 12-24 |........ Relatively unweathered volcanic ash 
D EE ESERSE O Basalt or andesite bedrock at depths 
unconformable with overlying 
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iron have been correspondingly concentrated. For the whole soil, un- 
weathered primary minerals contribute to higher ratios. The cation- 
exchange capacity is high in the surface layer, apparently because of 
the presence of organic matter. It decreases with depth within the 
solum. "The colloids are near 50 percent base saturated. From the 
limited data available, it would appear that calcium dominates the 
exchangeable bases in the surface layer, but in the underlying horizons 
it constitutes only between one-fourth and one-half of the exchange- 
able bases. Too few samples were analyzed to be able to determine 
whether or not this is characteristic of the group as a whole. From 
the limited number of analyses available, it appears that silica has 
been lost to a lesser extent in the reddish A; horizon than in other layers 
and that iron and titanium have been concentrated to the greatest 
extent in this layer. There is no evidence of translocation of clays 
from an A to B horizon such as that characteristic of podzolic soils. 
Whether or not these soils are in equilibrium with their environment 
cannot be determined, but it seems probable that on these young ma- 
terials the soils have not reached their ultimate form. 

Two soil series have been included in this family. Their charac- 
teristics and their interrelationships are shown in table 77. Of these 
two series, the Hanipoe occurs at the lowest elevations and under the 
highest rainfall. Hanipoe soils have the darkest A; horizons and the 
deepest solums. The Apakuie series, although similar in kind and 
arrangement of horizons, is much less well developed and has a shal- 
lower solum. 

USE AND MANAGEMENT 


Almost all of the soils in the Hanipoe family are used for grazing. 
In a few places at the lower elevations the soil is deep enough to be 


of soil series of the Hanipoe family 


Modal profile— Continued Environment 
Consistence Yearly Vegetation 
Texture Structure (moist) pH | Island Ralp- Elevation zone 
Inches Feet 
Fine sandy loam_| Weak fine Very friable- ..|5. 5-06. 5 
crumb. 
Very weak fine 
crumb. Hawaii] 30-50 |3, 250-7, 500 | E: (locally 
Weak medium Da). 
blocky. Maui.| 30-40 |3, 500-6, 000 | Er. 
weathered volcanic ash_.._....-.--.---+--2+---------= . 
ranging from 1 to 8 feet unconformable with the over- 
Sandy loam..... Weak fine....... | Very friable__./5.5-6.5 
crumb. 
and do. s.e.] Very weak fine |_._._do__.___.__|5.5-6.5 
erum 
" : Hawaii| 25-35 |5, 000-8, 000 | Ds, Ei. 
Fine sandy loam. ee aes 3o: cd 8. 0-7.0 Maui! 20-30 5 500-7, 500 | Ez: 
EE AU o NSE ce E recla do ds ie See 


ranging from a few inches to 5 feet or more, 
soil from voleanic ash. 


524 SOIL SURVEY OF TERRITORY OF HAWAII 


plowed, and the slopes are such that some of these areas could be cul- 
tivated. Although the physical character and fertility of the soil are 
favorable for production of a moderate variety of vegetable crops, 
throughout most of the area slope is unfavorable and very little of the 
soil could be intensively cultivated with safety without planned 
erosion-control practices. At present, most of the soil area is in iso- 
lated localities without the roads necessary for production of cultivated 
crops. 

The vegetation on many of these areas consists of scattered clumps 
of trees between open grassland, although extensive areas without 
trees are common. The dominant tree at the lower elevations is koa; 
mamani and naio are prominent in the upper parts. Alapai and brack- 
en ferns are frequently associated with the koa. Puakeawe and aalii 
are common shrubs. Pamakani is a troublesome shrub on these soils 
on the island of Maui. Where the soil areas extend to the windward 
sides of the mountains the grasses in unimproved pastures are princi- 
pally of the bunch type; on the leeward sides, a number of native 
grasses such as mountain pili, mountain lovegrass, and brome fescue 
occur. At the lower elevations, and particularly on the deeper soils of 
the group, there is generally a good cover of introduced species includ- 
ing paspalums, perennial and Italian ryegrasses, Yorkshire fog, and 
Kentucky bluegrass along with white clover, black medic, hop clover, 
and some vetch. 

These pastures are confined mainly to the Hanipoe soils. On the 
Apakui soils at higher elevations, the grass coverage is generally sparse 
and consists mainly of the native species listed above. In this zone 
also, the trees are generally low. The soils of the Hanipoe family 
have a wide range in carrying capacity from the lowest to the highest 
elevations. 

The quality of the soils of the Hanipoe family for pasture is greatly 
influenced by such factors as depth to bedrock, stoniness, slope, and 
elevation. ‘These soils, with other soils of the Latosolic Brown Forest 
group, are grouped in table 78 according to their suitability for mech- 
anization. This grouping also reflects to a considerable degree the 
quality of the soils for grazing. 

It will be noted that none of the soils of the Hanipoe family are well 
or moderately well suited to the use of machinery. The moderately 
steep and hilly soils are for the most part deep soils at lower elevations 
and are the best grazing lands of the family. These include Hanipoe 
fine sandy loam, sloping and moderately steep phases, and Hanipoe 
loam, moderately steep phase. Most of the pastures on these areas 
have been improved. On the rest of the soils, steep slope, bedrock 
outcrop, or loose stones on the surface have largely prohibited exten- 
sive pasture improvement; grazing is generally much poorer than on 
the two soils listed above. 


HANIPOE SERIES 


Soils of the Hanipoe series occur on the islands of Hawaii and Maui 
on the slopes of Mauna Kea and Haleakala at elevations ranging from 
3,250 to 7,500 feet above sea level. They receive precipitation ranging 
from 30 to 50 inches a year. They are entirely within vegetation 
zone E, except for a small area on the northeastern slope of Mauna 
Kea that extends slightly into vegetation zone D;. This is a cool 
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moist climatic zone subject to frequent fogs and much cloudiness. 
Tt was originally forested with Hawaiian koa and some ohia lehua in 
the lower part. Clumps of koa trees remaining in many places give 
a parklike appearance to the landscape. Occasional mamani trees 
occur at the higher elevations of the series. _ 

The two outstanding properties of the series are the dark reddish- 
brown to almost black, fine sandy loam or loam A, horizon over a 
brilliantly red sandy loam A, horizon. These two horizons are 
particularly conspicuous. The underlying brown, loamy B horizon is 
similar to that which occurs in the Reddish Prairie soils. 

Modal profile of the Hanipoe series: 

A, 0 to 5 inches, dark reddish-brown fine sandy loam; weak fine crumb 
structure; very friable when moist, nonplastic when wet; pH 5.5 to 6.5; 
roots very numerous. 

A, 5 to 7 inches, red sandy loam; very weak fine crumb structure; very 
friable; pH 5.5 to 6.5; roots numerous. 

B 7 to 25 inches, brown loam; weak medium blocky to medium crumb 
structure; very friable when moist, nonplastie when wet; pH 5.8 to 7.0; 
roots present. 

C 25inches +, loam, fine sandy loam, or silty clay loam weathered volcanic 
ash that in some places includes volcanic cinders; brown, grayish brown 
or dark brown; very friable; pH 6.0 to 7.0; few roots; unconformable 
lava bedrock occurs at depths ranging from 10 to more than 60 inches 
and may replace the C and part of the B horizon. 

The principal variations are in depth to bedrock and in the thickness 
of the A; horizon. Depth to bedrock ranges from 10 to more than 60 
inches within the series. Although the A, horizon is present as a con- 
tinuous layer in most places, it may not be apparent in a few localities. 
Whether this is due to masking by organic matter from the A; or to 
erosion could not be determined. The entire area is at present covered 
with a dense grass sod. The A; horizon is most conspicuous in the 
deeper soil areas. In areas of shallow soil it is absent or occurs 
mainly in the pockets of deeper soil among the rocks. The B horizon 
is a loam in most places, but the series includes areas in which it is 
fine sandy loam or in some places a silty clay loam. The pH values 
are generally near 6.0 throughout the solum. 

Two units of the Hanipoe series have been mapped. Both were 
mapped in areas surveyed in reconnaissance, and slopes were not 
differentiated. 


Hanipoe fine sandy loam, sloping and moderately steep phases (5 
to 25 percent slopes) (H2B).—This unit is the best of the Hanipoe 
series for pasture. It occurs on the slopes of Haleakala and on the 
northern and northeastern slopes of Mauna Kea. <A high proportion 
of these slopes are greater than 12 percent. 

The soil profile and its variations are essentially those described 
for the Hanipoe series. The mellow dark-colored A, horizon is held in 
a mat of fine roots, and the contrast between it and the brilliantly red 
fluffy A, horizon is very striking in exposures of the profile. Rock is 
occasionally encountered at depths as little as 12 inches, but the soil 
is generally more than 30 inches thick over rock. ‘Topography varies 
from gently sloping to steep, and gradients generally increase from 
lower to higher elevations on the mountain. The slopes are commonly 
moderately complex, particularly on the more strongly sloping areas. 


1” Hanipoe fine sandy loam. 
304428—55—--35 


TABLE 78.—Suitabihity and physica: limitations of soils of the Latosolic Brown Forest group for mechanized agriculture 
Sots WELL SUITED TO MECHANIZED AGRICULTURE 
: Depth 
Soil family and mapping unit Slope Erosion Loose stones | to bed- | Principal physical limitations 
rock 
Maile and Olinda families, nearly level and gently 
sloping phases: 
Maile silty clay loam: Percent Inches 
Nearly level phase- --------------------------- 0- 5 | Slight..-__-_- Few......... 40+) None. 
Gently sloping phase. -----------------=------= 9-8 jones do 2-5 SE do... 40+ Do. 
Kapapala loam, gently sloping phase. ------------- B= 8 l.i dai 2. asdi cole 40-F Do. 
Sorts MODERATELY WELL SurrED TO MECHANIZED AGRICULTURE 
Maile and Olinda families, sloping and knobby phases: 
Maile silty clay loam: 
Knobby phase. s.sceo0toe cee ERE 3-12 | Sligbt.------- Few__-_----- 30--| Complex gentle slope. 
Sloping and moderately steep phases... .... 10-30 |..... dOoL. s ee ree (lo mud 20+}; Moderate slope. 
Olinda loam, sloping phase..-._-.----.---~------- 5-15 | Moderate___._|----~ do__..--- 40+ Do. 
Kapapala loam, sloping and moderately steep phases. 8-25 | Slight--------]----- do ......- 30+ Do. 
Kapapala fine sandy loam, sloping phase----------- 5-15 |----- dol. Moderate... 10-30 | Depth and moderate slope. 
Manahaa loam, sloping phase_________-._...------ | 6-15 |....- Os. sees eee dO. 12-36 Do. 


e 
h2 


9 
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Sorts POORLY SUITED TO MECHANIZED AGRICULTURE 


Latosolie Brown Forest soils, moderately steep and 
Hanipoe fine sandy loam, sloping and moderately 


Hanipoe loam, moderately steep phase 
Puu Oo loam and silt loam, slopes undifferentiated. 
Piihonua silty clay loam, slopes undifferentiated _ ___ 
Maile silty clay loam, hilly phase 
Olinda loam, moderately steep phase 


5-25 | Slight___.___- Moderate... 

po 12-28 |_....do0._.-...|.....do.._-_. 
10-30 |...... Cl a See do... uc 

5-88 |... doi. do... 

nsum ues aedis een 12-25 | Moderate.....| Few... .... 
BONAM NM 12-25 |.....do...... 1... ..do.. ....- 


Stones, strong slope, depth. 


Do. 

Do. 

Do. 
Strong slope; depth. 
Strong slope. 


Soins Very POORLY SUITED OR Unsurrep TO MECHANIZED AGRIC 


ULTURE 


Hanipoe and Maile families, steep phases: 
Hanipoe family, steep phases.________...-.------- 
Maile silty clay loam, steep phase 

Latosolic Brown Forest soils, shallow and stony phases: 
Puu Oo stony silt loam, slopes undifferentiated. ____ 


Maile stony silty clay loam, shallow phase 
Apakuie stony sandy loam, phases undifferentiated __ 
Latosolic Brown Forest soils, very shallow and stony 


Apakuie stony sandy loam—rockland complex 
Hanipoe family, very shallow phases 


Piihonua stony silty clay loam, very shallow phase. 
Manahaa loam: 
Very shallow phase—Aa lava complex 
Very shallow phase—Pahoehoe lava complex 
Olinda family: 
Very shallow phases 
Very shallow phases—Aa lava complex 
Very shallow phases—Pahoehoe lava complex... 


25-45 | Moderate... Stony........ 

a ----------| 25-45 |.....do.......| Moderate. ___- 
10-38 |..... do... ... Stony........ 

— 12-930: 1. dO: 2 ek AOE cesses 


15-45 | Severe... |... dos--22s- 
PE 15-45 |.....do.......] Very stony. 
RNC DOM EE 10-35 | Moderate.....|.....do....... 
10-35 |... .. dozss2cislinsn do.2:szsc 
nrc Leere 92280-|.ssacdOLsierscll a ecdOsle sons 
"E 5-25. 225500552522 ei-2dOcicl es 
3-30 
REC 3-20 | 
3-20 


10-604- 
6-20 

10-20 
6-60 
0-20 
4-18 
4-24 


0-18 
0-12 


4-20 
0-18 
0-12 


10-60-- | 


Outerops, steepness, stoni- 
ness, 
Steepness, some stones. 


Outerops, steepness, stoni- 
ness. 
Do. 
Do. 


Do. 

Bedrock outerops, shallow 
Soil. 
Do. 


Bedrock outcrops. 
Do. 
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On the more gently sloping areas at lower elevations, the physical 
properties and fertility of the soil are favorable for the production of 
vegetable crops adapted to this climatic region. Even in these areas, 
however, the soil is seriously subject to erosion when the sod is 
broken, and cultivation should be accompanied by well planned 
practices for erosion control, At the present time, little of the soil is 
cropped, probably partly because of land tenure and partly because 
of inaccessibility. 

The unit is considered good grazing land. On improved pastures 
it supports a good mixture of paspalums, perennial and Italian rye- 
asses, sweet vernal, and orchardgrass, which are accompanied by 
orkshire fog and some Kentucky bluegrass at the higher elevations. 
White clover, black medic, hop clover, and some vetch also occur in 
the swards. At the lower elevations, rattail is prominent in some 
places. On the windward side of the mountains, sweet vernal has 
displaced the more desirable Yorkshire fog in many places. In the 
more arid parts where Yorkshire fog is not so well adapted, sweet vernal 
is reported to have increased the carrying capacity of the pastures. 
Throughout much of the area, shrubs are not so troublesome as in 
pastures on the Reddish Prairie soils, but pamakani infests pastures 
on the island of Maui. 

Some of the better fattening paddocks of Kukaiau Ranch are 
located on this soil, and it was estimated by this rancher that the 
carrying capacity at the time of survey was between 4 and 5 acres per 
head. Carrying capacity for this unit as a whole, however, would be 
considerably less. 


Hanipoe loam, moderately steep phase (12 to 25 percent slopes) 
(H26).— This soil is somewhat heavier in texture than common for the 
Hanipoe series. It is confined to the slopes of Mauna Kea above 
Waikii on the island of Hawaii. Although there is a general slope 
toward the sea, parts of this area consist of complex slopes that roll 
parallel to the contour toward drainageways on the mountainside. 
The soil profile is similar to that described in the modal profile of the 
series except for the slightly heavier texture in the surface layer. The 
red Às horizon is less apparent in this area and in many places may be 
entirely absent. 

All of this area is used for grazing and is considered moderately 
productive of pasture. The plant association is similar to that 
deseribed for the fine sandy loam, and carrying capacity may be 
assumed to be similar. The soil is generally at least moderately deep 
and has good water-holding capacity. Bedrock crops out only 
oecasionally in the area, and loose stones are not common on the 
surface. 


APAKUIE SERIES 


The Apakuie series is made up of weakly developed soils at high 
elevations on the slopes of Mauna Kea and Haleakala. The soils 
occur at elevations ranging from 5,000 to 8,000 feet above sea level 
under annual rainfall ranging from 20 to 35 inches. On the island 
of Hawaii, these areas are designated as vegetation zones E; and D;; 
on the island of Maui, as vegetation zone Ee. The soils resemble 
those of the Hanipoe family in having dark-colored, relatively thin 
A, horizons over bright red sandy As horizons that grade to brown B 
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horizons. The B horizons are transitional to the relatively un- 
weathered parent material of volcanic ash and cinders. The soil 
profile, however, is much less strongly developed than in the Hanipoe 
series. The solum is shallower, and textures are generally more sandy. 


Modal profile of the Apakuie series: 


A, 0 to 4 inches, dark-brown sandy loam; weak fine crumb structure; very 
friable when moist, nonplastic; pH 5.5 to 6.5; roots numerous. 

A, 4 to 5inches, red sandy loam; very weak fine crumb structure; very friable; 
pH 5.5 to 6.5; roots numerous. 

B 5to 18 inches, brown fine sandy loam; weak medium blocky to medium 
erumb structure; very friable; pH 6.0 to 7.0; roots present; loose stones 
commonly embedded in this material. 

C 18 inches +, brown or black relatively unweathered volcanic ash and 
cinders; loose in place; locally weakly cemented; variously textured 
strata correspond to different successive deposits; unconformable lava 


z 


bedrock occurs at depths ranging from a few inches to 5 feet or more 
and may replace the C and part of the B horizon. 


The profile described for the series is that found where vegetation 
has held the soil against erosion. The vegetation throughout the 
area is generally quite sparse, and there are extensive areas where 
considerable soil movement has occurred. In some places an A; 
horizon has developed in material that has obviously been moved by 
water within relatively recent times. In other places the A; horizon 
is lacking. The red sandy A: horizon that appears to be characteristic 
of undisturbed soils in the zone is lacking on more than half of the 
area. It is assumed that its absence is due to movement of soil 
material. There may be occasional outcrops, or depth to bedrock 
may be 50 or 60 inches; but the soil is generally shallow, averaging 
18 or 20 inches in depth. Slopes are generally moderately steep, 
and soil erosion is very active. 


Apakuie stony sandy loam, phases undifferentiated (15 to 45 percent 
slopes) (As).—This unit consists of undifferentiated phases that occur 
entirely within an area mapped in reconnaissance. It is on the 
slopes of Haleakala and Mauna Kea between elevations of 5,000 and 
8,000 feet above sea level. The soil profile and its variations have been 
described for the Apakuie series. Loose stones litter the surface in 
most places, but the soil is relatively free of bedrock outcrops. There 
is soil cover throughout most of the area, however. 


These phases are used for pasture. The vegetation is sparse and 
consists of a mixture of small trees or shrubs with grasses. Mamani 
is the dominant tree, but some Hawaiian koa occurs at the lower 
limits. Yorkshire fog with species of Eragrostis, sweet vernal, and 
some Kentucky bluegrass and a variety of forbs form the dominant 
ground cover. Generally the cover is comparatively sparse, and 
grazing capacity is reported by the ranchers to be about one head to 
every 15 or 20 acres. There is no water supply within areas of this 
soil, and cattle either have to travel considerable distances to water 
supplies or must depend upon the moisture deposited on the grass by 
fogs or dews. The area, as a whole, is subject to much cloudiness 
and foggy weather. Overgrazing is a very serious problem on this 
soil. In areas within the forest reserves where wild sheep have grazed 
the pastures very closely, extensive tracts are completely barren of 
vegetation and are eroding severely. 
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Apakuie stony sandy loam—rockland complex (15 to 45 percent 
slopes) (Ar).—This is a complex of sballow stony soils with barren 
bedrock outcrop. Depth of soil material in most places ranges from a 
few inches to 20 or 30. Bedrock outcrop occupies between 20 and 
50 percent of the surface. The soil profile is generally that of a 
shallow soil, comparable to the profile described for the Apakuie 
series to a depth of 12 or 15 inches. The red A, horizon, however, is 
less commonly present in this complex than in the other unit of this 
series. Very large quantities of loose stones litter the surface; and 
where the bedrock consists of Aa lava, the surface is commonly rough 
and broken and difficult to get over. This unit is on the slopes of 
Haleakala. 


The areas of this complex are used for grazing, but they have very 
low carrying capacity. The grass cover is generally sparse. The 
soil is comparable to that of Apakuie stony sandy loam, phases un- 
differentiated, but a large part of the unit is bedrock outcrop. Cattle 
have some difficulty in getting over the area. This complex generally 
is not grazed so extensively as other soils of the Apakuie series. 
The carrying capacity is undoubtedly lower than that for Apakuie 
stony sandy loam, phases undifferentiated. 


UNDIFFERENTIATED UNITS 


The areas of steep and of very shallow soils in regions of the Hanipoe 
family have been grouped into two phases that are undifferentiated 
as to series. Hanipoe family, steep phases, consists of areas having 
slopes of 25 to 45 percent and at least a moderate depth over bedrock. 
Hanipoe family, very shallow phases, consists of areas having slopes 
of 10 to 35 percent and a depth over bedrock that ranges from 4 to 
18 inches and averages somewhat less than 12. 


Hanipoe family, steep phases (25 to 45 percent slopes) (Hz).—This 
unit occurs on the islands of Maui and Hawaii in the region of Hani- 
poe soils. The depth of soil over unconforming lava bedrock ranges 
from 10 to 60 inches in most places. There is an occasional bedrock 
outcrop in a few localities. The surface is generally somewhat stony. 
A considerable amount of soil material has been moved by erosion in 
most of these areas, and the red A; horizon is not so conspicuous as in 
less steeply sloping areas of the Hanipoe soils. It is generally present, 
however, in protected areas. 

Essentially all of this unit is used for grazing. The areas are 
moderately well grassed, but the ground cover varies greatly from 
place to place. Mountain piligrass, mountain lovegrass, and brome 
fescue are common in association with some bluegrass and a number of 
herbaceous plants such as hawksbeard, gusmore, plantain, sheepsorrel, 
and pukamole. Species are generally similar to those on the Hanipoe 
soils, but the ground cover is less dense in most places. The carrying 
capacity is presumed to be correspondingly lower. Runoff is more 
rapid from these phases than from the less steeply sloping areas, and 
moisture is more apt to limit pasture production. Parts of this unit 
on the slopes of Haleakala, however, appear to support a fair vegetative 
cover and should be fair grazing land. 
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Hanipoe family, very shallow phases (10 to 35 percent slopes) 
(H2a).—This unit consists of areas of very shallow soil. Depth to 
bedrock ranges from 4 to 18 inches and averages about 8 or 10 in most 
places. Where these soils overlie Aa lava, the soil material extends 
deeply into pockets among the rocks; where they overlie Pahoehoe 
lava, the soil mantle is more uniform in thickness and is generally shal- 
lower. The red A, horizon is usually apparent only in the deepest 
pockets, but the A, horizon is present everywhere. 

These soils occur on the slopes of Haleakala on Maui and on Mauna 
Kea, Mauna Lao, and Hualalai on the island of Hawaii. Areas of 
this unit are pastured on the slopes of Haleakala and Mauna Kea. 
They support fair stands of grasses similar to those on soils of the 
Hanipoe series, and carrying capacity is moderate to low. The shal- 
low depth and low water-holding capacity make moisture frequently 
more limiting on these soils than on the deeper soils of the Hanipoe 
Series. 

In the Kona section of the island of Hawaii, there is generally more 
bedrock outcrop than on the slopes of Mauna Kea and Haleakala. 
In this area scattered lots of koa with some mamani occur at the higher 
elevations. Bracken and alapai ferns are common in association with 
the koa. Mountain piligrass, heupueo, and Kentucky bluegrass dom- 
inate the relatively sparse ground cover on open places. Where the 
soil is deeper, a large variety of species make fair growth. In the 
Kona section, the soil is grazed mainly during the summer months 
when the greatest rainfall occurs. Water is very scarce, and moisture 
deposited on the grass by fogs is the main supply for cattle. With the 
coming of the dry winter months, cattle are forced to lower levels for 
feed and water. Carrying capacity in this area was estimated by 
ranchers to be 15 acres per head. 


SOILS OF THE PUU OO FAMILY 


The relationships of the Puu Oo family to other families of the Lato- 
solic Brown Forest group is shown in table 17 in the section on Rela- 
tionships Among Soils of Hawaii. "The soils of this family have very 
dark-brown or black friable granular A, horizons. They occur at ele- 
vations of 4,500 to 8,000 feet above sea level on the windward sides of 
the high mountains of the islands of Hawaii and Maui in a zone where 
rainfall decreases with increasing elevation. At the lower limits of 
the zone, rainfall is 100 or 120 inches a year; at the upper limit, it is 
near E inches a year. These soils are entirely within vegetation 
zone Ds. 

The soils of the Puu Oo family have the well-developed A; horizon 
and the relatively high base status characteristic of Latosolic Brown 
Forest soils. The A, horizon consists of 5 or 6 inches of almost black 
friable granular silt loam or silty clay loam with a pH range of 5.0 to 
6.5. This is underlain by 12 or 15 inches of dark reddish-brown friable 
but somewhat smeary silt loam or silty clay loam having a slightly 
higher pH value than the A; horizon. This material is transitional to 
the underlying weathered volcanic ash that is the parent material of 
the soil. Two series are in this family; their differences are shown in 
table 79. 
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Taste 79.—Key, modal profile, and 


Modal profile 
H 
Horizon Color (dry) i 
Key Series Range in depth 
Let- to— Texture 
Bean t Name Munsell 
ol | Upper | Lower 
limit | limit 
Inches | Inches i 
E 0 4-8 | Very dark red- | 5 YR 2/2 ....| Silt loam...... 
| dish-brown. 
A. From moder- A3 4-8 | 14-24 | Dark reddish- 5 YR 3/3-3/4.| ----- do_...--.-- | 
ately toslightly or brown. 
weathered vol- PuuO Bi 
eanic ash under 0-1) B3 | 14-24 | 36-48 | Brown ......... 7.5 YR 4/2- | Silty clay loam. 
moderate rain- or | 4/4. 
fall. Cy i 
Cs Loam to m clay loam weathered volcanic ash 
D Uneonformable lava bedrock at depths ranging 
Ai Very dark 7.5 YR 2/2....| Silty clay loam. 
brown. 
B. From moder- A3 Dark reddish- 5 YR 3/8-3/4.| ..... al OERA 
ately to or brown. 
strongly weath- Pitho- Bi f 
ered volcanic nua. B3 | 15-21 | 48-60 | Reddish-brown _| 5 YR 4/3-4/4 | Silty clay.....| 
ash under high s or 
rainfall. Ci 
| Ca | 48-60 |....... Weathered volcanic ash; pH 5.5-7.0; mainly silty 
j e A E TEO Uneonformable Java bedrock at depths ranging 


USE AND MANAGEMENT 


Practically all of the Puu Oo family is used for pasture. The areas 
were originally forested with an open type of forest in which koa was 
the dominant species. Ohia lehua grew at the lower elevations. In 
most places only open grasslands or parklike areas and scattered 
groups of trees remain. Under the remaining forests alapio, amau- 
mau, staghorn, and bracken ferns are common undergrowth. 

In the open areas, rattail is the dominant grass but brome fescue, 
sheepgrass, and heupueo occur less extensively. Sweet vernal has 
overrun parts of the area on the island of Hawaii and is present on 
Maui to some extent. Its fibrous roots and profuse seeding favor it 
in competition with other grasses in this zone. It is generally re- 
garded as undesirable in pastures. 

In improved pastures paspalums are among the more important 
introductions. Kikuyu is being planted to a considerable extent 
however. Yorkshire fog is prominent in the upper part of the soil 
area in the open forests. Kentucky bluegrass appears to be well 
adapted and is an important part of the sward on several ranches. 
White clover is widespread, especially in the areas of well-grazed sod. 
Vetch is adapted to the area but is difficult to maintain under heavy 
grazing. Hop clover is also present, and annual clovers such as black 
medic, bur, and Indian sweet occur locally but are of very minor 
importance. 

Pastures on these soils are some of the oldest in the Islands and when 
well managed are among the best available. Many of the best 
temperate-zone pasture species are well suited to the cool moist 
climate. Management is extremely important, however, because the 
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environment of soil series of the Puu Oo family 


Modal profile—Continued Environment 
Consistence 
| 
Yearly Vege- 
Structure pH Island | rain- | Elevation | tation 
Moist Wet fall zone 
| 
| | Inches Feet 
| Moderate me- Very friable_...- Weakly smeary_|5.0-6.5 | | 
dium granular. i 
Weak fine bloeky.j..... do: eee one dO ceci lul 5. 8-6. 5 i 
Hawgii.| 40-80 |5, 000-7, 500 | Ds. 
Weak medium Frisble..........]..-.- do.........../6.0-7.0 j(Mgui...| 40-60 |4, 500-6, 500 | Ds. 
blocky. 
of various colors.. 
mainly from 10 to S; part: there 
Moderate me- Very friable. ..... Weakly smeary. 
dium granular. 
Weak fine blocky.) Friable..........]..... do..-----.--.|5. 5-6. 0 
Weak medium  |..... da sls do...........18.5-8, 5 | Hawai.) 80-120 |5, 200-6, 500 | Ds. 
blocky. | 
Dr -—————————S 
from 10 to 80 inches; partly weathered in upper part.. 


mixture of adapted grasses and legumes is easily destroyed by over- 
grazing. Occasional plowing or, in some places, periodic resting will 
often restore the original mixture. Pasture development is influenced 
greatly by the lay of the land and stoniness. 

Soils of the Puu Oo family are grouped according to their suitability 
to mechanization in table 78. 


PUU OO SERIES 


'The Puu Oo series are dark-colored soils that occur between eleva- 
tions of 4,500 and 7,500 feet on the windward side of Haleakala and 
Mauna Kea. Precipitation ranges from 40 to 80 inches a year and 
decreases with elevation. The series is in vegetation zone D; as 
defined in the section on Soils and Vegetation. 

One of the principal variations within the soil is depth over uncon- 
formable lava bedrock. In some places there may be as little as 6 
inches of soil; but throughout most of the soil area, bedrock lies more 
than 24 inches below the surtace. The texture of the surface layer is 
generally a silt loam, but areas of loam have been included. The 
apparent silty texture of this layer is undoubtedly due to the presence 
of high amounts of organic matter. The series occurs entirely within 
a zone mapped in reconnaissance and slopes were not differentiated. 
'Two units based on stoniness and depth to bedrock are mapped. 


Modal profile of the Puu Oo series: 
Aj; 0 to 6 inches, very dark reddish-brown silt loam; moderate medium 


granular structure; very friable when moist, weakly smeary when wet; 
pH 5.0 to 6.5; roots very numerous. 
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A; or B, 6 to 18 inches, dark reddish-brown silt loam; weak fine blocky 
structure; very friable when moist, weakly smeary when wet; pH 5.5 to 
6.5; roots numerous. 

Bz or C, 18 to 42 inches, brown silty clay loam; weak medium blocky 
structure; friable when moist, weakly smeary when wet; pH 6.0 to 7.0; 
roots present. 

C, 42 inches +, loam to silty clay loam weathered volcanic ash of varying 
color; mainly nearly neutral; unconformable lava bedrock only slightly 
weathered, occurs mainly at depths between 10 and 70 inches, 

Puu Oo loam and silt loam, slopes undifferentiated (10 to 30 percent 
slopes) (P2v).—This is the soil most characteristic of the Puu Oo 
series and is the deeper of the two units mapped. Rock is encountered 
at depths varying from 10 to more than 70 inches but is generally 
below 24. The soil profile is essentially that described for the series. 
The best pastures in this vegetation zone are on this soil. In the 
unimproved pastures, rattail is especially prominent. In improved 
pastures, velvetgrass, paspalums, and Kentucky bluegrass are promi- 
nent. Sweet vernal is present in practically all of these pastures and 
tends to choke out the other species. It is fairly palatable in the early 
stages of growth, but it matures quickly and is then unpalatable. 

Improved pastures will carry one animal for every 2 acres according 
to estimates by the ranchers. Their quality for fattening cattle is 
high. Grazing management is very important, however, especially 
measures to prevent overgrazing. When pastures are overgrazed, the 
most desirable mixtures of grasses and legumes are easily destroyed. 
Sweet vernal then tends to become dominant and reduces both the 
carrying capacity and the quality of the forage. The shrubby pests so 
common at lower elevation, however, are not adapted to this vege- 
tative zone. Occasional plowing or periodic resting has been used 
successfully in a few instances to restore desirable plant associations 
where sweet vernal has encroached. 


Puu Oo stony silt loam, slopes undifferentiated (10 to 35 percent 
slopes) (P2w).—The shallow stony soils of the Puu Oo series are 
mapped in this unit. Depth to bedrock ranges from 10 to 20 inches 
in most places, and loose stones litter the surface and occur throughout 
the soil material. Outcrops of bedrock are common but do not occupy 
an appreciable part of the unit. In most places the soil is made up 
principally of the two topmost horizons described for the Puu Oo 
series. 

Practically all of the unit is used for pasture, and productivity is 
high in spite of the relatively shallow depth of soil material. Under 
the cool moist climate with frequent fog and fairly equal distribution of 
rainfall, moisture is less apt to be limiting than in lower lying areas of 
similar rainfall. The carrying capacity is probably somewhat less than 
on Puu Oo loam and silt loam, slopes undifferentiated, mainly because 
of the greater difficulty in improving the mixture of grasses in the 
sward. Sweet vernal and velvetgrass, as well as some clover, carpet- 
grass, and rattail, are prominent in most areas. Stoniness and mod- 
erately strong slopes make pasture improvement more difficult than 
on the other member of the series. This unit is considered at least 
fair for grazing. 

PHHONUA SERIES 


Soils of the Piihonua series occur in areas of high rainfall on the 
windward slopes of Mauna Kea. Elevations range from 5,200 to 6,500 
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feet above sea level. Precipitation ranges from 800 to 120 inches a year 
and decreases with elevation. The soil occurs entirely within vegeta- 
tion zone Ds. 

The more clayey textures and slightly lower pH values indicate that 
soils of this series have been subjected to more weathering and leaching 
than soils of the Puu Oo series of the same family. 


Depth to bedrock varies from a few inches to more than 6 feet, and 
this variation is the basis of differentiation between the two units of the 
series. Textures throughout the solum are mainly silty clay loams, 
and pH values are generally near 6.0, In many respects these soils may 
be considered transitional from soils of the Puu Oo series to soils of the 
Honokaa series of the Hydrol Humic Latosol group. The clays are 
weakly smeary when wet, but the A: horizons are much darker, and 
the soils are apparently less strongly leached than in the Honokaa series. 


Modal profile of the Piihonua series: 


A; Oto 5 inches, very dark brown silty clay loam; moderate medium granular 
structure; very friable when moist, weakly smeary when wet; pH 5.0 to 
6.0; roots very numerous. 

A; or Bı 5 to 18 inches, dark reddish-brown silty clay loam; weak fine 
blocky structure; friable when moist, weakly smeary when wet; pH 5.5 to 
6.0; roots numerous. 

B; or C, 18 to 54 inches, reddish-brown silty clay; weak medium blocky 
structure; friable when moist, weakly smeary when wet; pH 5.5 to 6.5; 
roots present. 

C: 54 inches +, brown or reddish-brown silty clay; weathered volcanic ash; 
pH 5.5 to 7. 0; unconformable lava bedrock may replace horizons below 
the B, or mày not occur within 6 feet of the surface; mapping inclusions 
in which bedrock replaces all horizons below the A; are outside the range 
of the series. 

Piihonua silty clay loam, slopes undifferentiated (5 to 35 percent 
slopes) (P2c).—The soil profile is essentially that described for that 
part of the Piihonua series with depth of soil greater than 24 inches. 
There are very few stones on the surface, and bedrock outcrop is un- 
common. A few scattered ohia trees are all that remain of the original 
forest vegetation. Koa was undoubtedly present and perhaps domi- 
nated at the upper limit of the series, but ohia was more prominent at 
the lower elevations. 


Practically all of the soil is used for pasture. It is covered with a 
luxuriant growth of vegetation. Rattail, carpetgrass, Dallisgrass, 
and sweet vernal are prominent in improved pastures. At the upper 
limit of the unit, velvetgrass and some clover appear in the sward. 
The area is well ‘supplied with moisture; rainfall and mists keep the 
ground moist or wet most of the year. Only occasional dry spells 
occur. The carrying capacity of this soil was estimated by the ranchers 
at about 3 acres per head on unimproved pastures, and 1 or 2 acres 
per head on improved areas. The forage produced is fair for fattening 
cattle. It is considerably superior to that of the Honokaa soils but is 
not so good as that of the Puu Oo soils. 


Piihonua stony silty clay loam, very shallow phase (10 to 35 percent 
slopes) (P2p).—This unit consists of areas where the depth to bed- 
rock ranges from 4 to 24 inches. Bedrock outcrops occur in many 
places, but do not occupy a high proportion of the total area. Loose 
stones are numerous on the surface and within the soil. Slopes are 
generally somewhat complex and conform with the unevenness of the 
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underlying bedrock. In most places the soil profile consists of the 
two topmost layers described for the Piihonua series; the shallowest 
soil is an inclusion. 

The greater part of this phase is covered by an open forest of ohia 
lehua, koa, and ferns. Grass occurs in the open places; carpetgrass 
and rattail are dominant. The grazing area is limited. Pasture 
improvement is difficult and is confined mostly to hand labor. Areas 
of this kind are used mainly as emergency pastures during dry spells. 


SOILS OF THE MAILE FAMILY 


Characteristics of the profile of soils of the Maile family and their 
relationships to other soils of the Latosolie Brown Forest group are 
given in table 17 in the section on Relationships Among Soils of 
Hawai. These are soils in a zone transitional between the high rain- 
fall areas of the Hydrol Humic Latosols where the soils are highly 
colloidal, and the sandy or loamy neutral areas of the Reddish Prairie 
soils. They occur where acid soils would be expected to develop, 
but pH values are mainly near 6.0. The family is confined to the 
island of Hawaii in the section from upper Kohala to a point above 
Umikoa and in a section in Kona. They occur at elevations ranging 
from 1,500 to 5,000 feet above sea level under rainfall ranging from 
80 to 50 inches a year. Average annual rainfall decreases with in- 
creasing elevation. These soils are mainly in vegetation zone D; but 
extend slightly into vegetation zone D; in the saddle between Mauna 
Kea and Kohala mountain. 

The soils of the Maile family have very dark A; horizons and 
reddish-brown or brown B horizons that are transitional to highly 
weathered volcanic ash parent material. Data by Sherman presented 
in another section of this report indicate that silica has been lost and 


Tasim 80.—Key, modal profile, and 


Modal profile 
Horizon Color (dry) 
Key Series Range in depth 
Let- to— Texture 
a. EE O Name Munsell 
bol | Upper | Lower 
limit | limit 
Inches | Inches 
Au 0 4- 8 | Very dark brown} 10Y R 2/2- Silty clay 
brown. 3m. loam. 
Au 4-8 945 Dark reddish- 5Y R 3/3-3/4.|.....d0......... 
+ TOWN. 
A. ti Mail... B | 945 | 36-60 | Reddish-brown.| SYR 4/4-8/4.| Silty clay... 
weathered [o Weathered volcanic ash, ela: i 
; yey but retaining 
voleanic ash. D Unconformable lava bedrock in various stages 
than 1 foot below the surface. 
B. Derived from An 0 5- 7 | Very dark 10Y R 2/2- Lo&m......... 
moderately brown. 3/2 
weathered vol- Mana- An 5- 7 8-13 | Brown.,........ 7.5YR 4/4- Silty clay 
canic ash mixed haa 5/4 loam. 
with weather- B 8-13 | 12-18 | Yellowish red...| 5Y R 5/6-4/8.|..... dp ees 
ing fragments c 12-18 [auaa Similar to B but a gritty clay loam mixture o 
of underlying D: 4illl2- ias Unweathered lava bedrock, mainly at depths 
lava bedrock. 
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aluminum concentrated, whereas iron content bas not changed 
appreciably in comparison with the composition of the parent material. 
Cation-exchange capacities are mainly above 60 milliequivalents per 
hundred grams, and the soils are more than 60 percent base-saturated. 
Calcium is dominant among exchangeable bases in the upper part of 
the soil but apparently plays a much less important role in the lower 
lying horizons. Silica-sesquioxide ratios are mainly below 1.0—an 
indication of arelatively high degree of weathering of the soil material. 

The relationships between the two series of this family are given 
in table 80. The principal difference between them is that the 
Manahaa series is influenced by actively weathering lava bedrock at 
shallow depths, and the Maile by the dominance of volcanic ash. 
The Maile soils are confined to the Kohala-Mauna Kea section, 
whereas the Manahaa series is confined to the Kona section of Hawaii. 


USE AND MANAGEMENT 


Grazing is the dominant use of soils of the Maile family, and carry- 
ing capacity is high. Some corn and truck crops are grown on them 
in the vicinity of Waimea and Puu Hue. Their area was originally 
covered by a forest that consisted of a koa-ohia lehua association that 
was probably not extremely dense. Throughout most of the area, the 
trees have been destroyed by grazing. 

Hilograss, rattail, and some carpetgrass are dominant. Bermuda- 
grass is prominent in the drier sections. Many of the pastures on 
these soils have been improved by seeding, however. A greater part 
of the pastures of best quality on Kahua Ranch are on these soils. 
A great variety of species are in the pastures—Dallisgrass, orchard- 
grass, bluegrass, and the clovers and Festuca. East of Waimea, 
rattail and hilograss, in association with Dallisgrass, are dominant 


environment of soil series of the Maile family 


Modal profile—Continued Environment 
Consistence 
| 
Yearly | Vege- 
Structure pH Island | rain- | Elevation | tation 
Moist Wet tall zone 


| Inches Feet 


Moderate medi- | Very friable.__.- Weakly plastic. _|5. 5-6. 5 
| um crumb. 
iesu Oz. -s.---cee5|--e2e Ot PEER NEEE Ta s E 5, 56. 5 
Weak fine blocky..| Friable......-..- Moderately [6.0-7.0 Hawaii| 80-50 |1, 500-5, 000 | Ds, Dz 
plastic. 


i 
bases. 
of weathering, dominantly deeper than 4 feet but locally less 


Moderate medi- | Very friable. -.-- Nonplastic_..-.- 5.0-6.0 
um crumb. 
in do...--..-----|-----d0-..-.-.----}| Weakly smeary _|5. 5-6. 5 
|}Hawaii .) 80-50 13, 000-4, 500 | Da. 
Weak fine blocky_| Friable_--.-.--.. Nonplsstie...... 5.5-6.5 | 


weathered volcanic ash and small rock fragments. 
less than 18 inches but locally 36 inches below the surface. 
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where these soils join the Honokaa series. Nearer Waimea, Bermuda- 
grass occurs in association with rattail. The species in pastures 
depend largely upon the kind of management practiced. The most 
desirable mixtures of grasses and legumes can be easily destroyed by 
overgrazing. Occasional plowing or periodic resting favors the 
development of desirable plant associations. 

A moderate part of the total area of these soils is well suited to 
mechanized agriculture. Their suitability to mechanization is shown 
in table 78. It will be noted that two members of the Maile series 
have few or no limitations for the use of machinery and that two mem- 
bers of this series and the sloping phase of Manahaa loam have only 
moderate limitations. Field corn and potatoes are raised on the soils 
of the Maile series in the vicinity of Puu Hue, and some vegetable 
crops in the vicinity of Waimea. The area adapted to these uses, 
however, is much greater than that now cultivated. 

These soils are fertile in comparison with soils in wetter regions 
at lower elevations. Rapid chemical tests indicate them to be high 
in available potassium and calcium but low in available phosphorus. 
They are high in organic matter and in total supply of nitrogen, but 
when they are continuously cropped, nitrogen fertilization is necessary. 


MAILE SERIES 


In the Maile series are dark-colored soils with a relatively high base 
status in regions of moderate rainfall at intermediate elevations 
(1,500 to 5,000 feet) on the higher mountains. They occur on the 
island of Hawaii in a belt extending along the southwestward side of 
Kohala mountain through the saddle to the vicinity of Umikoa on the 
northeastern slope of Mauna Kea. Precipitation ranges from 80 to 
50 inches a year, and decreases with an increase in elevation. The 
soils of this series are mostly in vegetation zone D; as defined in the 
section on Soils-and Vegetation, but they extend slightly into vegeta- 
tion zone Ds, where they join the Honokaa series. 

Modal profile of the Maile series: 

An Qto 6 inches, very dark-brown silty clay loam; moderate medium erumb 
structure; very friable when moist, weakly plastic when wet; pH 5.5 to 
6.5; roots very numerous. 

Ai; 6 to 12 inches, dark reddish-brown silty clay loam similar to horizon An 
except for color. 

B 12 to 42 inches, reddish-brown silty clay; weak fine blocky structure; 
friable when moist, moderately plastic when wet; pH 6.0 to 7.0; roots 
present. 

C 42 inches +, brown or reddish-brown silty elay or silty clay loam; moder- 
ately weathered volcanic ash unconformable with the underlying moder- 
ately weathered bedrock, which may replace horizon C and part of 
horizon B within the range of the series. 

The soils are dominantly deep over unconformable lava bedrock, 
which is moderately weathered in most places. In areas of the shallow 
phase of the stony silty clay loam, however, included very shallow 
areas have only 10 inches of soil over rock. The B horizon is reddish- 
brown in most places, but it ranges from brown to reddish-brown on 
the slopes of Kohala mountain, and to yellowish-red on the slopes of 
Mauna Kea. East of Waimea there is an included area of knolls 
interspersed with somewhat poorly drained flats. On these flats, the 
soil has a shallow grayish-brown surface layer over a subsoil in which 
slow internal drainage is indicated by bright yellow and gray mottling. 
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Most of the series was surveyed in detail or semidetail because of 
the possibility of development of vegetable production. For that 
reason various phases were differentiated on the basis of slope. The 
shallow stony areas where depth to bedrock ranges from 10 to 20 inches 
were mapped as Maile stony silty clay loam, shallow phase, although 
the shallowest parts are outside of the range of the series. 


Maile silty clay loam, nearly level phase (0 to 5 percent slopes) 
(Ms).—This soil occurs in the saddle between Kohala mountain and 
Mauna Kea east of Waimea. Slope gradients are low, but the topog- 
raphy is complex. It consists of small knolls of low gradient that 
look like suppressed dunes and level somewhat poorly-drained flats 
intertwining in variously shaped patterns between the knolls. 

The soil profile on the knolls is typical of the Maile silty clay loam, 
but on the flats the soil shows evidence of restricted internal drainage. 
The profile on the flats consists of a 2- to 4-inch layer of grayish-brown 
granular silty clay loam over 10 to 15 inches of olive-drab fine blocky 
silty clay that rests on somewhat yellowish silty clay with gray mot- 
tling. Ata depth of about 40 inches, a distinctly yellowish-brown or 
grayish-brown layer of silty clay is encountered. 

Truck crops consisting mainly of cabbage and corn are grown, 
principally on the small level areas. Most of the total area, however, 
is used for pasture. In the level areas Hilograss and rattail are 
dominant; on the knolls are paspalums and rattail. The carrying 
capacity of this soil was not determined, but it is probably similar to 
that of the gently sloping phase. From the association of grasses in 
the area, however, it would appear that the quality of forage is 
poorer. 

Maile silty clay loam, gently sloping phase (3 to 8 percent slopes) 
(Ma).—-This phase consists of uniformly sloping areas. It is prob- 
ably the best soil of the Maile series for cultivation. The soil profile 
is esseptially that described for the Maile series. The depth to bed- 
rock is generally more than 3 feet. 

The greater part of the total area is used for grazing, and some 
of the best improved pastures on Kahua Ranch are on this soil. In 
these improved pastures, there is a great variety of species, including 
Dallisgrass, orchardgrass, bluegrass, and the clovers and Festuca. In 
unimproved pastures rattail is prominent, and in the drier parts 
Bermudagrass is important in the association. The carrying capacity 
of pastures on this soil is high. On Kahua Ranch it was reported that 
improved pastures would carry almost one head for every 2 acres. 
The soil is admirably suited to plowing for establishment of desirable 
species. 

This is also the best soil of the series for cultivation. Field corn 
and potatoes are raised in the vicinity of Puu Hue, and some vegetable 
crops are produced on this soil east of Waimea. Yields are reported 
to be good. The problem of erosion control is slight on these gentle 
slopes, and the soil should be adapted to a wide variety of vegetable 
crops. From rapid chemical tests, it appears that the soil is well 
supplied with available potassium and calcium but requires phos- 
phorus as well as nitrogen fertilization. 


Maile silty clay loam, knobby phase (3 to 12 percent slopes) (M1).— 
The topography of this soil is complex. The profile is essentially that 
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described for the Maile series, except that on the steeper parts of some 
of the small knolls erosion has removed most of the A; horizon. On 
the slopes of Kohala mountain, areas of this soil are somewhat shal- 
lower than normal for the series. Generally such complex topography 
is the result of unevenness in the surface of the underlying bedrock. 

Practically all of this soil is used for grazing, and the plant associa- 
tion and carrying capacity are similar to those described for Maile 
silty clay loam, gently sloping phase. It is a good soil for pastures. 
Although the topography is uneven, the soil is adapted to the use of 
machinery for pasture improvement. The soil is rather poorly suited 
to use for cultivated crops, however, because it would erode seriously 
on these complex slopes unless special practices were employed. The 
use of such practices as stripcropping and diversion terraces is ex- 
tremely difficult. 


Maile silty clay loam, sloping and moderately steep phases (10 to 
30 percent slopes) (Mx).—These phases occur mainly in the vicinity 
of Puu Hue on Kohala mountain and in the vicinity of Umikoa on 
the slopes of Mauna Kea. In these places the slopes are relatively 
uniform. The soil profile is much like that described for the Maile 
series, but the soil in the vicinity of Umikoa has a definitely redder 
or more yellowish-red B horizon than that in the vicinity of Puu Hue. 

Practically all of the area of these soils is used for grazing and is 
considered to be very good for that use. The carrying capacity is at 
least moderately high, and the quality of the forage is good. Pastures 
require controlled grazing for maintenance of the most desirable species 
These practices are described for the Maile family under the heading 
Use and Management. 

Slopes moderately or severely limit the use of machinery. In most 
areas machinery can be used for pasture improvement, but cultiva- 
tion of crops is hazardous because of the danger of erosion. If used 
for cultivated crops, however, these soils are moderately well suited 
to such special structures as diversion terraces and stripcropping for 
control of runoff. The slopes in most places are relatively uniform. 

Maile silty clay loam, hilly phase (12 to 25 percent slopes) (Mu).— 
Areas in the belt of Maile soils with very complex topography and 
moderately steep gradients have been mapped in this phase. They 
oceur southeast of Waimea on the island of Hawaii and extend to 
Umikoa. The land surface conforms with the hilly surface of the 
underlying lava flows, and the overlying Maile soil is correspondingly 
less deep than those found in more nearly level areas. The soil aver- 
ages about 20 inches in thickness over bedrock, but depth ranges 
from 10 inches on the steeper parts of the hills to more than 5 feet 
in the swales between the knolls or hills. Bedrock crops out on the 
knolls in some places. "Throughout most of the area relatively few 
stones occur on the surface, but in some places loose stones would 
interfere with the use of machinery. The soil profile usually consists 
of the normal A, horizon of Maile soils and the upper 6 to 12 inches 
of the B horizon. 

Strong slopes, complex topography, and occasional bedrock out- 
crops limit the use of machinery on this soil. Erosion would be 
serious on these slopes if the soil were clean-cultivated but it is not 
serious under the present cover. At the time of survey practically 
all of this phase was used for grazing. 
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Throughout most of the area Bermudagrass and introduced species 
such as Dallisgrass are most common. Hilograss appears in associ- 
ation with rattail near the lowest elevations of the unit. Yellow fox- 
tail and ricegrass are prominent on the steeper slopes. There is a 
tendency toward the formation of one-grass pastures on these areas, 
and management is important in the development and maintenance 
of good swards. Considering the complex topography and moderately 
steep slopes, periodic plowing for renewal of the secondary species 
is generally not advisable. Much can be done by controlling the 
grazing and especially by preventing overgrazing. Pasture manage- 
ment is much more difficult on this phase than on the less strongly 
sloping areas of the Maile soils. The amount of forage produced, 
however, is large, and the carrying capacity was estimated to be near 
3 or 4 acres per head. The fattening qualities of the forage are high. 


Maile silty clay loam, steep phase (25 to 45 percent slopes) (Mr).— 
This unit is confined to the steep slopes of Kohala mountain and 
extends from a point near Waimea northwestward toward Puu Hue. 
Generally the surface of the soil is somewhat stony, but the quantity 
of loose stones on the surface varies greatly. Some areas may be 
practically free from stones, but others are so stony as to prevent the 
use of machinery. There are only occasional outcrops of bedrock. 
The depth of the soil is usually near 18 or 20 inches, but it ranges 
from 10 inches to more than 5 feet. The soil profile is similar to that 
described for the Maile series except that the surface layer is slightly 
thinner and generally browner. 

Small areas near Waimea have been cultivated. In these areas 
most of the A; and part of the B horizon has been lost. The greater 
part of this phase, however, is used for pasture; rattail grass is gen- 
erally dominant. Bermudagrass, however, occurs throughout and is 
especially prominent near the lowest elevations of the phase. Like 
the hilly phase, this soil is difficult to manage because its steep slopes 
make use of machinery almost impossible. Management practices 
must center mainly upon controlled grazing. The soil produces 
moderate to high quantities of forage of good quality. The carrying 
capacity on this phase was estimated to be near 4 or 5 acres per head, 
although precise data were not obtained. 


Maile stony silty clay loam, shallow phase (12 to 30 percent slopes) 
(Mm).—-Areas of this phase extend from the vicinity of Puu Hue to 
Umikoa, but they are most extensive near the southeastern end of the 
Maile soil belt. The soil ranges mainly from 10 to 20 inches in thick- 
ness over unconformable and relatively unweathered lava bedrock. 
The profile above bedrock is typical of the A, and upper part of the 
B horizon as described for the Maile series. The topography is 
generally complex and conforms with the surface of the underlying 
lava bedrock. There are bedrock outcrops in many places, particu- 
larly near the crests of knolls and hills, but this total outcrop area is 
not great. 

All of this soil is used for pasture. Bermudagrass, rattail, yellow 
foxtail, and ricegrass are common. Generally the phase has more 
shrubs and weeds than the deeper soils of the series. Since this soil 
is shallow and stony, pasture improvement is extremely difficult 
and must be accomplished mainly by controlled grazing. No esti- 


804428—-55 36 


542 SOIL SURVEY OF TERRITORY OF HAWAII 


mates of the carrying capacity were obtained, but it is probably 
appreciably lower than that of Maile silty clay loam, hilly phase. 


MANAHAA SERIES 


The Manahaa series occupies a belt in the Kona section of the 
island of Hawaii at elevations ranging from 3,000 to 4,500 fect above 
sea level. Rainfall in this zone ranges from 80 to 50 inches a year; 
it decreases with an increase in elevation. The soil is entirely within 
vegetation zone D;. 

The soils are derived from a thin layer of voleanic ash mixed with 
weathered particles derived from the underlying young lavas. Most 
of the soils are very shallow; the deepest are rarely more than 18 
inches thick. The maximum depth of soil material over bedrock is 
30 or 36 inches. 

The thickness of soil over bedrock as well as the texture of the 
surface layer varies from place to place. Generally the surface layer 
is a loam in contrast to the silty clay loam of the underlying layers. 
It is apparently a deposit of voleanic ash younger than that from which 
the underlying horizons are derived. In many places, however, the 
silty clay loam texture extends to the surface, and in some places the 
surface layer is a fluffy fine sandy loam. Inasmuch as these areas 
were mapped in reconnaissance, no effort was made to delineate 
differences in texture. 

Modal profile of the Manahaa series: 

An Oto 6 inches, very dark-brown loam; moderate medium crumb structure; 
very friable when moist, nonplastic when wet; pH 5.0 to 6.0; roots very 
numerous. 

Ai 6to11 inches, brown silty clay loam; moderate medium crumb structure; 
very friable when moist, weakly smeary when wet; pH 5.5 to 6.5; roots 
numerous. 

11 to 15 inches, yellowish-red silty clay loam; weak fine blocky structure; 
friable when moist, nonplastic when wet; pH 5.5 to 6.5; roots present. 

C 15 inches +, a gritty mixture of material, similar to the B, that contains 
rock particles from the underlying unconformable lava; pH is generally 
near 7.0; roots present; bedrock mainly at depths less than 18 inches. 

Manahaa loam, sloping phase (5 to 15 percent slopes) (M2c).—This 
soil and its variations are characteristic of the deepest parts of the 
Manahaa series. Depth of soil material over unconformable lava 
bedrock ranges from 12 to 30 or 36 inches and averages about 18. 
Locally the B horizon is absent. The surface texture is mainly a 
loam but ranges from fine sandy loam to silty clay loam. 

Vegetation on this phase was originally a koa-ohia lehua forest in 
which koa was dominant. Most of the phase has been cleared and 
now consists of clumps of koa trees interspersed by open grassed areas. 
It is used mostly for grazing. Carpetgrass and rattail are dominant 
throughout most of the area; but ricegrass, yellow foxtail, and some 
Hilograss occur also at the lower elevations, and Puu lehua grass at 
the higher. Bracken fern, heupueo, sheepgrass, and mountain pili 
occur throughout the pastured areas. White clover, Kentucky blue- 
grass, and orchardgrass occur locally, especially near the upper alti- 
tude limits of the phase. Vegetation is thrifty. Although data 
were not obtained as to carrying capacity of pastures, itis undoubtedly 
relatively high. Throughout much of the area, Puu lehua grass is 
an important constituent where pastures have been improved. 
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Much of this phase is adapted to cultivation. There are a few 
loose stones on the surface that would interfere moderately. The soil 
is adapted to plowing and reseeding for establishment of more 
desirable pastures. 

At the time of the survey there were no roads into the area occupied 
by this soil, but trails existed over which tractors and limited quanti- 
ties of machinery could be moved to most parts. Because of the 
isolation of these areas, it seems improbable that they will be used for 
cultivated crops in the immediate future. 


Manahaa loam, very shallow phase—<Aa lava complex (5 to 25 per- 
cent slopes) (M2p).—This is a very shallow phase of Manahaa soils 
that occurs in association with a high proportion of Aa lava outcrop. 
The outcrop occupies between 20 and 50 percent of the surface. fa 
the areas where soil occurs, depth to bedrock ranges from a few to 18 
inches and averages near 10. The underlying Aa lava is generally 
rough and broken, and soil material may extend rather deeply into 
the eracks and crevices. Where the soil is less than 6 inches deep, 
it consists of a very gritty dark-brown to black loam or sandy loam 
sodlike layer. In the deeper pockets in the rock, the soil profile is 
similar to that described for the Manahaa series, but commonly most 
of the B horizon is in cracks in the rock. 

This complex has better drainage and deeper root penetration than 
the complex in association with Pahoehoe lava. Loose stones are 
numerous on the surface. This complex is very poorly adapted to 
the use of machinery. The deeper areas could be used for crops with 
hand labor. Control of shrubs or weeds and other pasture manage- 
ment must be accomplished in most places by hand. 

Most of the area is pastured. Clumps of ohia trees are more com- 
mon on this complex than on the Manahaa loam, sloping phase; the 
proportion of the area that produces forage is much less. Few of the 
pastures on this complex have been improved. The carrying capacity 
is relatively low, but the forage is moderately good. 


Manahaa loam, very shallow phase—Pahoehoe lava complex (5 to 
25 percent slopes) (M2&).— This complex consists of areas of very 
shallow soil of the Manahaa series in association with a high propor- 
tion of barren Pahoehoe lava outcrop. This outcrop occupies between 
20 and 50 percent of the surface. The land surface is not so rough as 
for the complex with Aa lava. Depth to bedrock in the soil-covered 
areas ranges from a few to about 12 inches in most places. Unlike 
the complex with Aa lava, there are few pockets of deep soil in cracks 
and crevices of the rock. Consequently rooting and, in some places, 
drainage are greatly restricted. A high proportion of the koa trees 
have blown over on areas of this complex, probably because of shallow 
root systems. The soil profile generally consists of horizons similar 
to the Au and Ais horizons described for the Manahaa series. In only 
a few places is there material similar to that of the B horizon above 
the rock. Consequently, the series name is used purely to show the 
relationship to the deeper soil, not to indicate presence of all horizons 
characteristic of the series. 

Pastures are mainly unimproved, but carpetgrass, Hilograss, and 
ricegrass are more in evidence on this complex than on the complex 
with Aa lava. The carrying capacity is limited by the area occupied 
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by barren bedrock outcrop and by clumps of trees. In spite of the 
shallowness of the soil, moisture is not often severely limiting because 
there is relatively good distribution of rainfall and a high degree of 
clo"diness in this climatic zone. The carrying capacity is probably 
somewhat less than that of the complex with Aa lava. Pasture im- 
provement probably would be more easily accomplished than on the 
complex over Aa lava, primarily because the surface is smoother, 
even. where bedrock crops out, and the quantity of loose stones on the 
surface is less. 
SOILS OF THE OLINDA FAMILY 


The relationships of the Olinda family to other soils of the Lato- 
solic Brown Forest group are shown in table 17 in the section on 
Relationships Among Soils of Hawaii. The soils of the Olinda family 
occur at elevations ranging from 1,750 to 5,500 feet above sea level 
on the slopes of Haleakala on Maui and on the slopes of Mauna Loa 
in the Kau section of Hawaii. These areas receive between 40 and 
80 inches of rainfall a year and are mainly within vegetation zone Cs 
as defined in the section on Soils and Vegetation. Locally these soils 
extend into vegetation zone Ci. 

The soils of this family have a very dark brown or dark reddish- 
brown A; horizon about 8 inches thick over a reddish-brown or red B 
horizon that is transitional to the volcanic ash parent material. These 
soils are dominantly loams, at least in the upper part of the solum 
and are near or above 6.0 in pH throughout the solum. They have 
the very desirable physical characteristics common to other soils of 
the Latosolic Brown Forest group. They are fertile soils in regions 
where less fertile soils would be expected to develop. 

Two series have been included in the family. Their relationships 
are shown in table 81. The Olinda series occurs on the island of Maui 
and is derived from moderately weathered volcanic ash. It is in a 
zone transitional from what was originally the koa forest of the Hani- 
poe soil belt to the rain forests of the Hydrol Humic Latosols. The 
Kapapala series occurs in the Kau section on the island of Hawaii. 
These soils are derived from young volcanic ash over older and more 
highly weathered ash of different origin. 


USE AND MANAGEMENT 


Most of the area occupied by the soils of the Olinda family is used 
for pasture, but on the island of Maui and in the section known as 
Wood Valley on the island of Hawaii some vegetable crops are pro- 
duced. Some cane is produced at the lower elevations where these 
soils occur in Wood Valley. 

The original vegetation throughout most of the area was probably 
a koa-ohia lehua forest. At present, the forest consists of only small 
clumps of trees in a few localities, and the soil is either covered with 
grasses or is cultivated. In pastured areas Bermudagrass is generally 
dominant, but a high proportion of rattail and some Spanish clover, 
carpetgrass, and paspalums occur also. Rattail is generally more 
prominent in these areas than in most places in vegetation zone C. 
The association of grasses varies widely according to past management. 

Management plays an important part in the development and main- 
tenance of desirable pastures. The sod-forming grasses will stand 
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heavy and continuous grazing but tend to become one-grass pastures 
that have lower fattening value. On areas adapted to machinery, 
periodic plowing is an excellent method of breaking up the sod and 
renewing the stands of secondary species. Reseeding in these plowed 
pare may not be necessary. Control of shrubs presents some diffi- 
culties. 

A variety of vegetable crops are grown on the Olinda soils with suc- 
cess both in the Kau section of Hawaii and near Olinda on Maui. 
Considerable areas of these soils are adapted to vegetables. 

Chemical data on the fertility requirements of the soils of the Olinda 
family were not obtained. Judging from soils of similar properties in 
comparable environments, however, the soils of this family should be 
well supplied with available potassium and calcium, relatively poor 
in available phosphorus, and well supplied with total nitrogen. Phos- 
phorus fertilizers and nitrogen would be needed if the soils were in- 
tensively cropped. 

Most of these soils are subject to erosion if the sod is broken. In 
cultivated areas stripcropping and diversion terraces are needed. 
on is effectively controlled on pastured areas that are carefully 
grazed. 

Soils of the Olinda family are grouped according to suitability for 
mechanization in table 81. Four units are at least moderately well 
suited to machinery. Most of the cultivation occurs on these soils 
and they are the most easily adapted to pasture improvement. 


OLINDA SERIES 


The soils of the Olinda series occur at elevations between 2,500 
and 4,500 feet above sea level on the island of Maui. The area 
receives an average annual precipitation of 40 to 60 inches and is 
entirely within the vegetation zone C;. 

The soils have the characteristic dark-colored A, horizon of Latosolic 
Brown Forest soils and a red B horizon transitional to the reddish- 
brown or brown partly weathered volcanic ash. The surface texture 
is mainly loam; the subsoil is generally a silty clay loam. The soils 
are very friable and have high water-holding capacity. The subsoils 
are at least moderately weathered and are weakly smeary when wet. 
These conditions indicate that these soils are transitional from Lato- 
solic Brown Forest soils to Hydrol Humic Latosols. 

Modal profile of the Olinda series: 


A; 0 to 9 inches, dark reddish-brown loam; moderate medium crumb struc- 
ture; very friable when moist, nonplastic when wet; pH 5.5 to 6.5; 
roots very humerous. 

B 9 to 32 inches, red silty clay loam; moderate fine blocky structure; friable 
when moist, weakly smeary when wet; pH 5.5 to 6.5; roots present; 
specific gravity apparently very low. 

C 82 inches +, reddish-brown or brown silty clay loam; weathered vol- 
canic ash similar in most properties to the B horizon; pH 6.0 to 7.0; 
grades to moderately to strongly weathered lava. 


Depth to bedrock within the series ranges mainly from 18 to 
60 inches, but pockets of deeper soil occur. In some places, par- 
ticularly where these soils join soils of the Hanipoe family, there is a 
bright-red sandy loam or loam horizon 2 to 4 inches thick imme- 
diately below the dark-colored A;. This is comparable to the A; 
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TABLE 81.—Key, modal profile, and 


Modal profile 
Horizon Color (dry) 
Key j Benes Range in depth 
i Let- to— Texture 
| ter " h 
| | sym- | Name Munsell | 
| bol | Upper | Lower 
limit | limit 
= | | | 
Inches | Inches i 
EVI 0 6-12 pu reddish- A 2/4- | Loam......... | 
TOW. /4. i 
A. Derived from B | 612! 2442| Red... 2.5YR 3/6- | Silty clay 
moderately Olina: AS. |o 
weathered aee a Pa i 
volcanic ashi e 24-42 |........ Reddish-brown or brown weathered voleanic ash- 
9 s D Tenaglia Uncantormabie basalt or andesite bedrock at 
orizon. 
B. Derived from Ai [ 6-10 | Very dark 10YR 2/2- Loam......... 
young slightly brown. 2. 
weathered B 6-10 | 10-24 | Dark reddish- S5YR3/4....]....- p.e 
volcanic ash Kapa- brown. 1 
over old pala. Cc 10-24 | 11-30 | Poorly stratified slightly weathered volcanic ash 
weathered Di | 11-30 |........ Unconformable weathered volcanic ash older than 
voleanic ash. Dg [sese ee neun | Basalt or andesite bedrock 8t varying depths 


horizon in the Hanipoe soils. The B horizon is usually red, but in 
some places it may be reddisb brown. It is apparently purely transi- 
tional from the À, to the C horizon. The underlying bedrock is 
generally at least moderately weathered, and in some places consists 
of soft weathered rock that can be erushed between the fingers. 


Olinda loam, sloping phase (5 to 15 percent slopes) (On).—This soil 
oceupies the most gently sloping areas of Olinda soils and usually 
occurs at the lower elevations. Slopes are generally fairly uniform, 
although some uneven topography is included. The soil profile is 
essentially that described for the Olinda series. In most places the 
soil is practically free of stone; locally a few loose stones occur on the 
surface, and in a few places along drainageways bedrock may crop out. 

The soil is well adapted to machine cultivation but generally re- 
quires erosion control. At the lower elevations, vegetable produc- 
tion is at least moderately successful; if the demand warranted, a 
considerably larger area could be used for vegetables. 

Most of the unit is used for grazing. Rattail grass, Bermudagrass, 
and Spanish clover are probably the most prominent species in the 
grass association. Pastures on this soil could be greatly improved. 
Paspalums are adapted for introduction and should increase the 
carrying capacity and the quality of the forage. A large number ot 
grasses are suited to this vegetation zone. Management largely 
determines what grasses are dominant. One-grass pastures tend to 
form on this soil. Periodic plowing is one method of renewing the 
vigor of secondary species that add greatly to the quality of the 
herbage. This is one of the better soils of the Hawaiian Islands for 
grazing. 


Olinda loam, moderately steep phase (12 to 25 percent slopes) 
(Oc).—Considering the area of Olinda soils as a whole, this phase is 
perhaps more typical of the Olinda series than the sloping phase. The 


LATOSOLIC BROWN FOREST SOILS 547 


environment of soul sertes of the Olinda family 


Modal profile—Continued Environment 
Consistence 
Yearly Vege- 
Structure pH Island rain- | Elevation | tation 
| Moist Wet fall zone 
ji 
"Moderate me- Very friable.. Nonplastic...... 5. 5-6. 5 
dium crumb. | 
Moderate fine Friable__.---.--- | Weakly smeary . |5, 5-6. 5 Inches Feet 
blocky. MR Maui...| 40-60 |2, 500-4, 500 | Cs. 
varying deptbs greater than 18 inches; may replace C |..... E 
Moderate me- Very friable..... Nonplastic..... 6.0-7.0 
dium erumb. | 
sese P E A: S. n. d0 2 lesse. [0,077:0 


Hawaii! 50-80 |1, 750-5, 500 | C2, Ci. 
of recent origin; may be absent... 
that above; may underlie B instead of 
greater than 24 inches. 


topography is generally somewhat complex, although there is a rela- 
tively uniform slope toward the sea. The land rolls toward drainage- 
ways that are moderately incised on the mountainside. In some 
places the surface of the land conforms to that of the underlying 
lavas. Inasmuch as mapping of this soil was done in reconnaissance, 
no effort was made to differentiate slope or depth. The surface is 
relatively free of loose stones, and bedrock crops out mainly along the 
drainageways or on included short steep slopes. Depth of soil mate- 
rial is usually more than 20 inches. The soil profile and its variations 
are essentially those described for the Olinda series. 

All of this soil has been used for grazing, which is probably its best 
use. Because of slope and susceptibility to erosion, the soil is very 
poorly suited to cultivation. Machinery can be used on most of it 
only with considerable difficulty. Its use, however, makes pasture 
improvement much less difficult. 

Throughout most of the area, rattail, Bermudagrass, and Spanish 
clover are the most prominent species in the plant association. In 
improved pastures, however, there may be a variety of species, and 
the dominants are determined largely by the kind of grazing manage- 
ment practiced. One-grass pastures have a tendency to form on this 
soil. This condition can be corrected by periodic plowing on areas 
adapted to breaking of the sod. In such areas reseeding is generally 
not necessary. Only a relatively small part of the soil would be 
adapted to this practice, and in most areas controlled grazing is the 
most reliable practice for improvement of pastures. Periodic resting 
may in some instances favor a secondary species. The carrying 
capacity of this phase is quite high, and the forage is good for fattening 
cauile KAPAPALA SERIES 

The Kapapala series consists of young Latosolic Brown Forest soils 
derived from 12 to 30 inches of recent volcanic ash deposited over 
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older and more highly weathered volcanic ash. Apparently the 
material of the substratum is Pahala ash, but the soil profile has 
developed in more recent ash that originated at Kilauea crater. The 
soils occur in the Kau section of Hawaii at elevations ranging from 
1,750 to 5,500 feet above sea level. Rainfall in this zone is between 
50 and 80 inches a year. Most of this series is within vegetation zone 
Cs, but locally it extends into zone C,. This soil series is confined to 
the areas of deeper soil, or “Kipukas,” from Kilauea crater southward. 
The intervening areas are very shallow or are barren lava flows. 


Modal profile of the Kapapala series: 


A, 0 to 8 inches, very dark-brown loam; moderate medium erumb structure; 
very friable when moist, nonplastie when wet; pH 6.0 to 7.0; roots very 
numerous. 

B 8 to 16 inches, dark reddish-brown loam; moderate medium crumb struc- 
ture; very friable when moist, nonplastic when wet; pH 6.0 to 7.0; roots 
numerous. 

C 16 to 19 inches, poorly stratified slightly weathered sandy volcanic ash 
of recent deposits; this horizon may be absent. 

D, 19 inehes+, unconformable reddish-yellow or yellowish-red weathered 
voleanic ash older than that of the solum; mainly silty clay loam or sandy 
clay loam texture; pH near 7.0; rests unconformably on lava bedrock 
at depths ranging from 24 inches to many feet. 


Material weathered from younger Kilauea ash varies considerably 
in thickness over the older Pahaha ash. Generally it ranges from 15 
to 20 inches in thickness, but locally it may be 30 inches or more. 
The B horizon is in most places rather weakly developed and is strictly 
transitional from the A; horizon to poorly stratified and slightly 
weathered sandy volcanic ash. In places the thin C horizon may be 
absent. On the shallow soils in the area, the unconformable weathered 
older. volcanic ash of the substratum may be very thin. 


Kapapala loam, gently sloping phase (3 to 8 percent slopes) (K25).— 
This soil is typical of the Kapapala series. It is fertile and practically 
stone-free. The soil is well supplied with available potassium and 
calcium but is somewhat deficient in available phosphorus. Under 
normal conditions total nitrogen is high; but under continuous crop- 
ping to cane, intensive nitrogen fertilization is required. 

Part of the area in the section known as Wood Valley is used for 
cane production without irrigation. In this general vicinity also, 
many kinds of vegetables are successfully produced on small plots and 
home gardens. Vegetables could be grown on a greater acreage of this 
soil. On the gentle slopes, the control of erosion is not a serious 
problem, although some precaution should be taken to control runoff. 

This phase consists of some of the best pasture land on the Hawaiian 
Islands, and much of it is in this use. Part of the area on Kapapala 
Ranch has been plowed and planted to pigeonpeas, with Rhodesgrass 
between the rows. That practice has been abandoned, and paspalums 
or kikuyu are more commonly used. In unimproved pastures the 
vegetation consists mainly of small plots of koa interspersed with 
Bermuda grass and associated species characteristic of pastures in 
vegetation zone Cy. These soils can support an excellent association 
of forage grasses of high productivity, but one-grass stands tend to 
form. Both production and quality of forage are greatly influenced by 
management. On similar soils in other areas, periodic plowing for 
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reinstatement of the more desirable associations of grasses has been 
successful. 


Kapapala loam, sloping and moderately steep phases (8 to 25 percent 
slopes) (K2r).—This unit is similar to the gently sloping phase except 
for slope. The profile is similar to that described for the Kapapala 
series. 

These phases are used for sugarcane or pasture. Cane is produced 
without irrigation, mainly on the less strongly sloping parts of this 
unit, and yields are comparable to those on the gently sloping phase. 
Grazing is the principal use. Pastures are highly productive of good- 
quality forage. Bermudagrass is generally the dominant species and 
tends to form one-grass pastures. Paspalums, kikuyu, and a variety 
of other palatable and nutritious grasses are well adapted. The kind 
of pasture management practiced largely determines what plants 
become dominant. Pastures on this unit are improved by periodic 
plowing, which favors the formation of mixed stands higher in quality 
than the native Bermudagrass. The carrying capacity of improved 
pastures is generally moderate to high. 

The use of machinery on this soil is much more difficult than on the 
gently sloping phase. The soils would be subject to severe erosion 
under cultivation. The loamy surface layer over the heavier textured 
substratum is subject to very serious sheet erosion. 


Kapapala fine sandy loam, sloping phase (5 to 15 percent slopes) 
(K2p).—This phase is derived from recent volcanic sands and gravel 
of ITalemaumau origin; older Pahala ash occurs in a discontinuous 
thin layer between the young volcanic material and the underlying 
lava. The phase, as a whole, is shallower than normal for the series. 
Thickness of soil over bedrock varies from 6 to 30 inches and averages 
about 18. The underlying lava is mainly of the Pahoehoe type. The 
B horizon is generally less distinct in this type than in Kapapala loam, 
and the poorly stratified, very slightly weathered C horizon is more 
pronounced. 

The soil is used for pasture. It supports a good stand of desirable 
species; Bermudagrass is prominent in most areas. The carrying 
capacity on this soil is probably slightly less than that of the phases of 
Kapapala loam. The soil is good grazing land, however, and well 
adapted to fattening cattle. Types of pastures and management re- 
quirements are similar to those described for the sloping phase of 
Olinda loam. 

UNDIFFERENTIATED UNITS 


These undifferentiated units consist of very shallow soils. Because 
of their shallowness, which is the dominant feature determining land 
use, they have not been differentiated with respect to soil series. 


Olinda family, very shallow phases (3 to 30 percent slopes) (Op).— 
Areas having bedrock 4 to 20 inches below the surface are mapped in 
this unit. The average depth of soil is mainly about 8 or 10 inches. 
Bedrock crops out occasionally but does not occupy an appreciable 
part of the surface. Rock fragments are numerous on the surface and 
throughout the soil material. In pockets of deeper soil, a thin layer of 
older weathered Pahala ash occurs next to the bedrock, but throughout 
most of the area, the soil material above bedrock consists of more 
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recent volcanic sands of Kilauea or Halemaumau origin. In this 
material there is a very dark-brown A, horizon that grades through a 
thin transitional B horizon to poorly stratified slightly weathered 
sandy volcanic ash. 

Practically all of this unit is used for pasture. In some places open 
stands of koa are interspersed with grassed areas. At the higher 
elevations velvetgrass is common, but throughout most of the vegeta- 
tion zone Bermudagrass is prominent. Pasture improvement is very 
difficult on this phase because of its stoniness and shallow depth. 
Stands of grasses, however, are generally good, and the dominant 
species are typical of vegetation zone Cs. The carrying capacity is 
moderate, and quality of the forage is very high. 


Olinda family, very shallow phases—-Aa lava complex (3 to 20 per- 
cent slopes) (Ox).—This unit consists of shallow soils (mainly less than 
18 inches deep) associated with a high proportion of barren Aa lava 
outcrop. In the soil-covered areas, the depth of soil over bedrock 
averages between 8 and 10 inches, but since the surface of the under- 
lying bedrock is rough and broken, the soil material commonly extends 
to depths of 18 inches or more. An estimated 20 to 40 percent of the 
land surface is occupied by bedrock outcrop. The soil consists mainly 
of a very dark-brown to almost black gritty sandy loam A: horizon 
bound by roots. This horizon overlies a thin transitional zone that 
grades to recent sands and cinders. The surface of the Aa lava is 
rough and broken and locally may be difficult to traverse. 

The soil-covered parts of this complex are pastured and support 
fairly good stands of Bermudagrass or pilipiliula. In some places 
fair stands exist where there is almost no soil material over the lava 
bedrock, but these areas are so rough and stony that practices other 
than controlled grazing are essentially impossible. Pastures on this 
complex dry up quickly during periods of dry weather, and the carry- 
ing capacity as a whole is rather low. The quality of the forage, how- 
ever, is moderately good for fattening cattle. 


Olinda family, very shallow phases—Pahoehoe lava complex (3 to 
20 percent slopes) (Or).—These are soils similar to the complex with 
Aa lava, but the surface is relatively smooth in conformity with the 
smooth surface of the Pahoehoe flows. According to estimates, be- 
tween 20 and 40 percent of the surface is occupied by barren bedrock. 
In the soil-covered areas, the soil material is less than 12 inches in 
thickness and averages between 6 and 8. Unlike the soil material in 
the complex with Aa lava, this material does not extend deeply into 
cracks and crevices. Consequently, these soils are much more subject 
ia drought, and the carrying capacity in pastures is correspondingly 
ower. 

Practically all of this complex is used for pasture, as the quality of 
forage produced is moderately high although the carrying capacity is 
low. Bermudagrass is important throughout most of the vegetation 
zone, and pilipiliula occurs to a considerable extent. The surface is 
not so rough and broken on this complex as on that with Aa lava, and 
cattle can get over the area much more easily. Pasture management 
practices other than controlled grazing, however, are extremely 
difficult or impossible on these shallow stony soils. 


GRAY HYDROMORPHIC SOILS 551 


GRAY HYDROMORPHIC SOILS 


The Gray Hydromorphic soils are intrazonal soils. Slow internal 
drainage is reflected in their profile, which consists of an A, horizon, 
dominantly grayish in color, over a B horizon that is mottled as a 
result of periodic waterlogging. These soils are generally more sticky 
and plastic than the zonal soils with which they are associated, and 
available evidence indicates that this property is associated with 
higher than normal amounts of exchangeable magnesium. These 
soils occur on the islands of Kauai, Maui, and Oahu at altitudes of 
less than 500 feet in a zone where rainfall ranges from 10 to 80 inches 
per year. 

SOILS OF THE HONOULIULI FAMILY 


The Honouliuli family consists of grayish-brown moderately sticky 
and plastic soils; faint mottling in their substratum indicates restricted 
internal drainage. They occur on the islands of Kauai, Maui, and 
Oahu on alluvial flats at altitudes of less than 250 feet. In the main, 
they receive less than 25 inches of rain per year, but locally, on the 
island of Oahu they extend into a zone receiving as much as 40 inches 
of annual precipitation. Practically all of the family is within vege- 
tation zone A. Locally, on Oahu, it extends slightly into vegetation 
zone B. All of these soils are derived from alluvium. Their relation- 
ships to other soils of the Gray Hydromorphic group are given in 
table 17, in the section on Relationships Among Soils of Hawaii. 

A typical profile consists of about 3 inches of grayish-brown, moder- 
ately plastic, sticky, crumb-structured clay or silty clay. Next occurs 
15 or 20 inches of brown or grayish-brown moderately plastic blocky 
clay that may be mottled with yellowish-brown in the lower part. 
The C horizon is clayey alluvium or marine sediments weakly to 
moderately mottled with gray, brown, and yellow. 


The pH values are near 7.0 throughout the solum, but may be above 
8.0 in the substratum. Chemical data by Sherman presented in 
another part of this report indicate that these soils are influenced by 
exchangeable magnesium. In many respects, they may be considered 
intermediate between the very friable Low Humic Latosols and the 
extremely sticky and plastic Dark Magnesium Clays. Soils of the 
Honouliuli family are grayish and have weakly hydromorphic char- 
acteristics, which are the principal reasons for their inclusion in the 
Gray Hydromorphic group. Their characteristics most nearly ap- 
proach those of Gray Hydromorphic soils, but the similarities are not 
outstanding. Two soil series, the Honouliuli and the Keaau, are 
included in this family. Their relationships and characteristics are 
shown in table 82. 


USE AND MANAGEMENT 


Soils of the Honouliuli family are used for sugarcane in almost all 
places where water is available for irrigation and the soil is suitable 
for use of machinery. The stickiness and plasticity of these soils 
interferes to some extent with cultivation, but with the increasing 
use of chemical weed killers this has become a less limiting factor. 

Although the soils are heavy to work and may be puddled if culti- 
vated when too wet, they are still well adapted to cultivation. They 
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TaBLE 82.—Key, modal profile, and 


| Modal profile 
! 
i) 
Horizon Color (dry) 
Key Series Range in depth 
iat to— Texture 
er 
sym- Name Munsell 
bol | Upper | Lower 
limit | limit 
Inches | Inches 
At 0 2- 4 | Dark brown....| 7.5YR_ 3/2- | Clay..-- 
10YR 2/2. 
A. Derived trom | Honow Bi 2-4 6-11 | Dark graylsh 10YR8/2- |... [ro ER 
deep,clayeyal- |  liuli brown. 1/2. 
luvium or ma i B: 6-11 | 18-27 | Brown.......... JOYR 4/4- |..... in i REENE 
rine sediments. 7.5YR4/4. 
"| [9] 18-97 |........ Brown or reddish-brown sticky, plastic, clay 
ments; pH 7.0-8.0; locally strongly alkaline, 
Ai 0 2- 4 | Dark grayish YR 3/2....| Clay.......... 
brown. 
B. Derived from Keaaü. B 2-4 | 12-24 | Grayish brown..| 10YR 4/2- |..... (ct: E 
shallow, clayey 5/2. 
alluvium over ic. 12-24 |........ Grayish-brown clay streaked with brown or gray 
coral limestone DP q.i: 1 e Uneonformable coral sand or coral limestone... - 
or coral sand. 


occur in regions where both temperature and amount of sunlight are 
high. Favorable sunlight and temperature, with adequate water, 
make an excellent combination for production of cane. Yields are 
known to be high on the soils of this family adapted to cane, but 
precise values in terms of tons of sugar per acre per crop were not 
obtained. Data presented by Ayres in the section on sugarcane, 
however, shows them to almost equal the Molokai soils. They are 
slightly inferior for cane, however, because of less favorable physical 
conditions. 

These soils require intensive fertilization, including large applica- 
tions of nitrogen, and generally of potassium. Potassium appears to 
be limiting in most of the areas, in spite of the high pH and apparently 
high base status. This may be related to the relatively high percent- 
age of base saturation that can be attributed to magnesium. In 
contrast, available phosphorus was reported in at least two instances 
to be appreciably higher than that for the Low Humic Latosols in the 
same region. Data obtained were not adequate to determine whether 
or not this availability of phosphorus is consistent throughout the 
family. In table 83 these and other soils of the Gray Hydromorphie 
group are classified according to their suitability to mechanization. 

It will be noted in table 83 that, in spite of the moderately sticky 
and plastic character of the clays, several soils of the Honouliuli 
family are classed as well suited to mechanization. They are nearly 
level deep soils having few or no stones on the surface. The stony 
soils of this family are probably somewhat better than marginal for 
cane. Only the very stony and very shallow soils are poorly suited or 
unsuited to mechanization. Keaau stony clay, very shallow phase, 
is characteristic of this group. It and soils like it are typical of many 
areas that were formerly used for cane but have been abandoned as 
mechanization has become increasingly important as a means of 
reducing costs of production. 
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environment of soil series of the Honouliuli family 


Modal profile—Continued Environment 


Consistence 


| Annual, Vego- 
Structure | pH Island rain- | Elevation | tation 
Moist Wet fall zone 


Inches Feet j 


Strong medium Friable......... Moderately 7.04- 
crumb. plastic. 
Ema do...........].....00..........]...—.do..........] 70+  |Kauai..| 15-25 0-250 | A. 
|)Mau..- 10-20 0-250 | A. 
| ODE medium | Firm-.-.-------- TPisstie |... 75+ j|Oshu...| 15-30 0-200 | A, B. 
locky. 
mottled with gray or yellowish brown; alluvium or marine sedi- | 
| Strong medium | Friable......... Moderately 7.0-8.0 | | 
Maderne med Fir pae 7.5-8. | 
oderate medi- 15) REEE ENT lastio. oos. .5-8.8 s | 
| um blocky. Oahu___| 20-40 0-100 | B, A. 


and containing corals&nd. 0 eee 


| 
. 


Where irrigation water is not available, or where the soils are too 
stony for cultivation, the areas are either used for pasture or are idle. 
The vegetation in these areas is of the lowland-shrub type. Algaroba 
is prominent in many places; it grows vigorously on the soils and 
apparently draws upon ground water. In addition, klu, koahaole, 
and ilima are present. Koahaole in some places forms dense thickets 
on the stony soils of this family and provides considerable forage for 
cattle. Perennial grasses are almost entirely absent, but annual 
species such as bristly foxtail, swollen fingergrass, and feather finger- 
grass maintain themselves by natural seeding.  Piligrass occurs also 
as an annual. The carrying capacity of pastures is very low and is 
highly seasonal. Algaroba is by far the most valuable forage plant 
except in those areas where koahaole has become established. "The 
algaroba beans begin to drop late in summer or early in fall. Some 
grazing may also be obtained in the winter when annual grasses 
spring up after occasional rains. 


HONOULIULI SERIES 


The Honouliul series consists of eray or grayish-brown soils 
derived from deep clayey alluvium. "They are moderately sticky and 
plastic when wet, and mottling below & depth of 20 inches is evidence 
of somewhat restricted internal drainage. The soils occur on nearly 
level land or on gentle slopes near the sea coast. Elevations range 
from sea level to 250 feet, and the annual precipitation ranges from 
10 to 30 inches per year. The soils are mainly in vegetation zone A, 
and have been mapped on the islands of Kauai, Maui, and Oahu. 

Modal profile of the Honouliuli series: 


A; 0 to 2 inches, dark-brown clay; strong medium crumb structure; friable 
when moist, sticky and plastic when wet; pH 7.0 to 7.5; roots numerous. 


18 Honouliuli clay. 


TABLE 83.—Suitability and physical limitations of Gray Hydromorphic soils for mechanized agriculture 
Borus WELL SUITED TO MECHANIZED AGRICULTURE 
E === ced 
; ; x : NO Depth to "e : toa oe 
Soil family and mapping unit | Slope Erosion Loose stones bedrock Principal physical limitations 

Honouliuli family, nearly level types: Percent Inches 

Honouliuli silty clay_..-.._.____-----.--------- 0 3 | None...... Few....... Very deep. ...| Moderately sticky and plas- 

tic. 

Hotiouliuli clay.io0-2.s2s-- cca coecesssensssu 0- 8 |....- d6-acaseeses dizi ses dO. oue Do. 

Keanu CY 22.0 cece eke eee teens esse 0- 3 j___-- e PM cS dü.s sss (0 Do. 

Kalihi clay 0- 5 |----- do..... S8ome...... Very deep_.-- Do. 

Laie clay_...----~---. 0- 2 |..... do..... Few.......|..... do... n Do. 

Laie clay loam... o sesec ere ge t Ecuina 0- 2 |....- d0iscstlesces dosscss|zsees (do seit Do. 

Kaloko clay. - .-.ocelocc[eolcnz-2messeccencuma | 9-2]... dossacsil ceu do... secs do......- Do. 

Nohili silty clay... o slucconesee rens T rud 0- 3 |..... do 2s doses dos Do. 

Sors MODERATELY WELL SurrTED TO MECHANIZED AGRICULTURE 

Honouliuli family, gently sloping and sioping phases: 

Kaena clay, gently sloping and sloping phases... 2-15 | Slight.._._- Moderate...| Very deep....| Loose stones; sticky and 

: plastie. 

Kaena silty clay, gently sloping and sloping phases. 2-15 |....- doen pen douillc.otis do.....-- Do. 

Sors POORLY SurrED TO MECHANIZED AGRICULTURE 

Honouliuli family, stony types: 

Honouliuli stony clay ...-.---_-----.----------- | 0-3| None...... Stony. . .. Very deep....| Loose stones; sticky and 

| | plastic. 
| 


yea 


IIVAVH dO AHOLIWHHL AO AGAHOS TIOS 


Sorts Very POORLY SUITED OR UNsurTED TO MECHANIZED AGRICULTURE 


Honouliuli family, very shallow, very wet, or very 
stony: 

Kaloko clay, very shallow phase___.____._-____- | 0- 2| None...... Few.......| Very deep....| Wet land; marl at shallow 
i depth. 

Pearl Harbor clay.......----.--------------- sk OT eee doses None......i..... do....... Very wet land. 

Keaau stony clay, very shallow phase... ... 0- 5 | Slight._-_.- Very stony. (3 Very stony; shallow to lime- 

stone. 
Kalihi very stony elay------------------------- = & |... dosaosss|ceucs do..... Very deep....| Very stony. 
Kaena very stony clay and silty clay, phases un- 3-15 |----- dos: l2 do-i2c. levee do....... Do. 
differentiated. 


1 Bedrock at depths of 20 to 60 inches. 
? Bedrock at depths of 6 to 20 inches. 
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Bi 2 to 8 inches, dark grayish-brown clay; strong medium crumb structure; 
friable when moist, hard when dry, and sticky and plastic when wet; 
pH 7.0 to 7.5; few roots. 

B, 8 to 23 inches, brown clay; strong medium blocky structure; firm when 
moist, hard when dry, and sticky and plastic when wet; pH mainly 7.5 
to 8.3; few roots. 

C 28 inches +, brown or reddish-brown clay mottled with gray or yellowish 
brown; sticky and plastic when wet; fine-textured alluvium. 


The stickiness and plasticity of these soils is apparent from the 
profile description. When they are moist, the upper layers are 
friable and cultivation is not expecially difficult. When they are wet, 
however, they may puddle. When dry, they become quite hard. 
The amount of mottling in the substratum varies from place to place, 
and locally it may be almost entirely lacking. 


Honouliuli silty clay (0 to 3 percent slopes) (Hu).— This soil occurs 
on the alluvium south of Kahului on East-Maui, and as small areas on 
the coastal plains on the island of Oahu. In most places the soil is 
free from large stones, but most areas on Maui are moderately gravelly. 
The gravelly areas are indicated by symbols on the soil map. 

The soil profile is similar to that described for Honouliuli clay, but 
this soil is less sticky and plastic and generally more friable. In fact, 
it is the easiest soil of the Honouliuli series to cultivate and probably 
the most productive. It approaches soils of the Ewa series in cane 
productivity. Distribution of irrigation water is more difficult, 
however, mainly because this soil absorbs moisture more slowly. 
Nevertheless, it is a first-class soil for sugarcane. Little or none of the 
area is used for pasture. In the few idle or pastured areas shrubs and 
annual grasses form a sparse vegetation. 


Honouliuli clay (0 to 3 percent slopes) (H3c).—This is the most 
extensive soil of the Honouliuli series and is well characterized by 
the description given for the series. In most places, it has very few 
loose stones on the surface. Its outstanding property is the stickiness 
and plasticity of the clays. 

Most of the soil is used for irrigated sugarcane. The principal 
exceptions are the areas in the Waianae section of the island of Oahu. 
It is considered good caneland though it generally yields slightly 
less than the adjacent Low Humic Latosols on equally smooth 
topography. Costs of production are probably higher than on the 
more friable zonal soils of the region, principally because distributing 
water is more difficult. Irrigation ditches can be laid out in regular 
patterns, but the soil absorbs water slowly. The stickiness and 
plasticity have become less limiting since chemical methods of weed 
control have been introduced. Ratoons in these areas are left down 
for long periods. 

In the Waianae section fairly extensive areas were mapped where 
irrigation water is not available. In these places the soil is either 
used for pasture or left idle. In pastured areas algaroba is an 
important source of forage during the period when the pods are 
dropped. Some grazing is also obtained during the winter months 
when the annual grasses spring up after rains. Koahaole is important 
insome areas. The carrying capacity of this soil is low, but the forage 
is of high quality. 
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Honouliuli stony clay (0 to 3 percent slopes) (Hus)—On this soil 
machine cultivation is normally feasible only after surface stones have 
been removed. The soil profile is similar to that described for the 
Honuliuli series, except for stones and a considerable amount of 
gritty stone fragments in the soil material. Stones are on the surface 
and embedded in the soil. This soil occurs on the islands of Kauai 
and Oahu. 

Most of the areas that occur in cane-producing regions are used 
for that crop. In the past they were cultivated with hand labor, 
but machinery is now being used for harvesting. In many places 
the loose surface stones are removed, but at best, stones cause con- 
siderable difficulty because they are picked up by the harvesting 
equipment and transported to the mill, where they cause damage. 
Insofar as productivity and fertilizer requirements are concerned, 
the plantations generally consider this stony soil little different from 
nonstony types of the same series. They do recognize that the costs 
of production are considerably greater on this stony soil, and that it 
is less valuable for cane principally for that reason. If the loose 
surface stones are removed, however, this soil must be considered 
fair to good for cane. 

Considerable areas of the soil are used for pasture, particularly in 
the Waianae section of the island of Oahu. In these areas cactus, 
algaroba, klu, and some lantana, joee, ilima, and annual grasses are 
the principal vegetation. The carrying capacity is low. The greatest 
amount of forage is produced when the algaroba drops its beans late 
in the summer and during the winter when the annual grasses make 
their most rapid growth. The forage is of high quality. 


KEAAU SERIES 


Soils of the Keaau series are similar to those of the Honouliuli 
series except they overlie coral limestone or weakly consolidated 
coral sands at relatively shallow depths. Coral-sand material has 
contributed somewhat to the soils, and pH values are normally 
correspondingly high. The soils occur on Oahu at altitudes of less 
than 100 feet. They receive 20 to 40 inches of annual precipitation 
and are mainly in vegetation zone A but extend into vegetation zone B. 

Modal profile of the Keaau series: 

A, Oto 2 inches, dark grayish-brown clay; strong medium crumb structure; 

_ friable when moist and moderately plastic when wet; pH 7.0 to 8.0. 

B 2 to 18 inches, grayish-brown clay; moderately developed medium 
blocky structure; firm when moist and plastic and sticky when wet; 
pH 7.5 to 8.3; roots few. 

C 18to 24 inches, grayish-brown clay streaked with gray or brown; contains 
many particles of coral sand; structure and consistence similar to that 
of the B horizon; pH 7.8 to 8.3; few or no roots. 

D 24 inches +, weakly cemented coral sand or coral limestone; uncon- 
formable with the alluvium from which the soil is derived; depth to 
this material varies widely. 

The soils vary greatly in the depth of alluvium over unconformable 
material. In many places the coral sand is encountered at depths 
near 36 inches, but locally it may lie as shallow as 18 inches. In 
some included areas coral limestone was not actually observed within 
the 4 foot section, but its presence within 5 feet was relatively certain. 
The extent to which coral material is mixed with the subsoil varies 
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according to the depth of the alluvium. Generally there is evidence 
of slow internal drainage near the bottom of the B horizon. The 
degree of mottling at this depth is comparable to that in the Honouliuli 
soils. 


Keaau clay (0 to 3 percent slopes) (K34).— This soil has a profile 
typical of the Keaau series, if we assume the lower depth limits given 
in table 82. The soil is mainly more than 30 inches deep to coral 
material, but locally the alluvial deposit may be as little as 20 inches 
deep. This soil is confined to the island of Oahu. Most of it is in the 
Waianae section but some has been mapped near Waialua. 

The parts of this soil used for sugarcane have been handled in much 
the same way as Honouliuli clay. Yields are generally similar, and so 
are problems of water distribution. The soil is sticky and plastic and 
absorbs water slowly, but its gentle slopes make distribution of water 
relatively simple. This soil is considered good for cane, but probably 
is slightly inferior to Low Humic Latosols on similar slopes in the same 
region. Yields are probably somewhat lower, and the soil is harder to 
work, primarily because of its heavy texture. The soil is well adapted 
to machinery, however. There are few or no stones on the surface. 

Where this soil is used for pasture it supports a typical dryland 
vegetation consisting of algaroba, klu, some lantana, ilima, and annual 
grasses. These provide grazing principally during late summer and 
early fall months when the algaroba pods are dropped. Some forage 
is also obtained during the winter months when the annual grasses 
spring up after rains. The carrying capacity is low, but the forage is 
of high quality. 


Keaau stony clay, very shallow phase (0 to 5 percent slopes) (K32).—— 
This inextensive stony soil is derived from stony alluvium deposited 
over coral sands or coral limestone. It occurs mainly in the Waianae 
section on the island of Oahu. 

The profile consists of a dark-colored gritty stony clay over grayish- 
brown.stony clay that rests on coral sand or coral limestone. The 
clays are sticky and plastic. The depth to the underlying coral 
material is mainly between 10 and 20 inches. In most places the soil 
is too stony for machine cultivation. Some of it was used once for 
hand-cultivated cane but most of it is now idle or in pasture. In the 
pastured areas algaroba, klu, koahaole, ilima, and annual grasses are 
the principal vegetation. Considerable forage is produced during the 
fruiting season of the algaroba, and some grazing is obtained during 
the winter months when the annual grasses spring up after rains. 
The carrying capacity is low, however, and the growth highly seasonal. 
The forage 1s of high quality. 


SOILS OF THE KALIHI FAMILY 


The Kalihi family consists of moderately hydromorphic soils derived 
from alluvium. They occur on the islands of Oahu and Kauai at 
elevations ranging from 50 to 500 feet above sea level. They received 
30 to 80 inches of rainfall per year, but generally the average is less 
than 50 inches. They are mainly in vegetation zone B but extend 
somewhat into vegetation zone C;. The relationships of the Kalihi 
family to other families of the Gray Hydromorphie group are shown in 
table 17 in the section on Relationships Among Soils of Hawaii. 
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Soils of this family have an A; horizon, generally about 10 inches thick, 
of very dark-brown or grayish-brown, plastic and sticky, granular 
clay or clay loam. This layer is generally moderately acid. The 
underlying B horizon, about 10 inches thick, consists of highly mottled 
gray, yellow, and brown, firm, plastic, blocky clay. This material 
is moderately to strongly acid. The underlying parent material is 
highly mottled or uniformly gray fine-textured alluvium; generally 
it is highly sticky and plastic. 

This family occurs mainly on coastal flats or on talus slopes adjacent 
to the uplands. The soils receive seepage water from the uplands or 
are influenced by ground water on the coastal flats. Data presented 
by Sherman (see p. 120) indicate that these soils probably have a 
rather large supply of exchangeable magnesium, although not so much 
as in soils of the zonal Dark Magnesium Clays group. In many 
respects soils of this family are analogous to soils of the Honouliuli 
family. Their differences from Honouliuli soils are associated with 
higher rainfall. Greater precipitation and a consequently large volume 
of seepage water apparently account for their more strongly developed 
hydromorphic character. Three soil series are included in the family. 
Their relationships and characteristics are shown in table 84. 


USE AND MANAGEMENT 


A relatively high proportion of the soils of the Kalihi family is used 
for sugarcane. Yields are fair to good, and in some places almost as 
high as those obtained on adjacent well-drained soils of the uplands 
or terraces. These soils occur in a climatic zone in which cloudiness is 
moderate and at low elevations where temperatures are high. Climate 
is generally favorable for production of carbohydrate. There is not 
enough rainfall for cane, so most areas are irrigated. 

The clays of these soils are sticky and plastic, so they puddle easily. 
The time for working the soils must be chosen carefully. In addition, 
a large part of the area used for cane is sloping and at least moderately 
stony. The combination of unfavorable factors makes costs of pro- 
duction higher than on most of the adjacent soils of the uplands or 
terraces or on the better soils of the coastal flats. 

In table 83 the soils of this family are classified according to suit- 
ability for the use machinery. All are limited by the stickiness and 
plasticity of the clays, but Laie clay and clay loam and Kalihi clay 
have few other serious limitations. The Kaena soils generally are some- 
what stony and occur on slopes where the distribution of irrigation 
water requires that work be done strictly on the contour. These soils 
are cropped with machinery, however. The stony types—Kalihi very 
stony clay and Kaena very stony clay and silty clay, phases undiffer- 
entiated, are so stony that machinery can be used only with great 
difficulty. Stones on these soils are particulary troublesome in the 
harvesting of cane, and they are mainly idle or in pasture. 

From a limited data obtained during the survey, it appears that 
soils of the Kalihi family require heavy applications of nitrogen fertili- 
zer, a8 well as potassium and phosphorus. The potassium require- 
ments are probably associated with the relatively high exchangeable 
magnesium observed in these soils. Reports as to phosphorus avail- 
ability were quite variable among different areas. The data 
obtained were not adequate; they merely suggest these relationships. 
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Tague 84.—Key, modal profile, and environment 


Modal profile 


Horizon Color (dry) 


Key Series Range in depth | 
to— 


Texture 
Name | Munsell 


o] | Upper ! Lower 
limit | limit 


Inches | Inches 
Ay 0 7-12 | Very dark 10Y R 2/2....! Clay.......... 
brown. 
B 7-12 | 22-36 | Brown mottled ..............|.-... (a Lo eee eee 
with gray and 
Kalihi . . yellowish 
brown, 

C 22-36 |........ Dark gray and |... emm [ond (l8. ass 
light gray 
mottled. 
ESI 0 6-12 | Very dark IOYR 2/2....]..... 16 sees ey 
: brown, 

B. Derived from B 6-12| 1830 | Gray, brown — {.----.-------- noscstlo ases cai 
stony older col- Kaena and yellowish 


A. Derived from 
clayey older 
alluvium. 


—— 


Tuvium and brown 
local alluvium. mottled. 
[S] 18-80 |........ Clayey material of eolluvial origin consisting of 
| and gravel iu varying stages of decomposition. 
EVI 0| 8-12] Very dark 5Y 2/1-2/2. ..] Clay loam..... 
brown to 
black. 
Bi 8-12 | 24-33 | Very dark gray- [.-.-.--------- Clay loam or 
ish brown clay. 
mottled with 
yellowish 
C. Derived from brown. 

Laie. 


recent allu- le....- B: 24-33 | 36-54 | Light grayish — |............ ..| Clay or silty 
vium. brown strong- clay. 

ly mottled 
with yellow- 
ish brown. 

€ 36-54 |... Light gray or |L.............| Clay.....---.- 
gray mottled 
with rusty 
brown. 


1 Soil becomes grayer with depth, and is lighter gray when moist. 


Where these soils are used for grazing, they support a shrub-grass 
association. Lantana is a pest on most of the areas, but koahaole was 
observed to be competing successfully with it. Various grasses occur 
on. these soils, ranging from piligrass and annuals in the drier sections 
to a number of introduced species, including Dallisgrass, Guineagrass, 
and carpetgrass. Bermudagrass is prominent in most areas, Alga- 
roba occurs to some extent in the drier parts of the region. The forage is 
of good quality for fattening cattle but has only a fair carrying capacity. 
Nevertheless, these soils have a much higher carrying capacity than 
those of the Honouliuli family and the growth of pasture is much less 
seasonal. Because most of the areas used for pastures are too stony 
for cultivation, they are the areas on which control of lantana is 
most difficult. Most of the pastures on these soils are seriously in- 
fested with lantana, and their carrying capacities are correspondingly 
reduced. 

KALIHI SERIES 


Soils of the Kalihi series are dark colored and have a subsoil highly 
mottled with brown, gray, and yellowish brown. They are very sticky 
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of soil series of the Kalihi family 


Modal profile—Continued Environment 
Consistence 
Annual Vege- 
Strueture pH Island ) rain- | Elevation | tation 
Moist Wet fall one 
Strong medium 5.0-6.5 
* pronu oe 
trong medium .0-6.5 Inches Feet 
blocky Kauai..| 40-50 50-100 | B, C. 
Oahu...| 30-50 50-250 | B, Ci. 
Massive.........| Very firm-_.---.-|----- (do. innare 5.0-6. 5 
Strong medium | Firm..........-- Modera tely |5.0-6.0 
granular. plastic. 
Strong medium |-_..-.do.___...--.-]----- (0... 22. uu 5.0-6.0 
blocky Kauai..| 40-80 50-500 | Ci. 
Oahu...| 30-50 50-300 | B, Ci. 
materia] similar to that of horizon B mixed with rock fragments 
Moderate me- Friable to firm.-| Moderately [5.57.0 
dium crumb. plastic. 
Little sirueture..; Firm..-..---.--- Plastie_.-...---- 6. 5-7.5 
| 4 Oahu...| 30-50 0-200 | B, Ci. 
Soft and struc- |..... 6. acsse nme Moderately 7.01 A is 
tureless, plastic. Kaual...| 40-80 50-500 | Or. 
i 
Massive. ace cess) oeclsch taste a resue enc exeni (2) 
2 Alkaline. 


and plastic, and probably high in exchangeable magnesium. They 
oceur on the islands of Kauai and Oahu at elevations ranging from 50 
to 250 feet above sea level. The annual precipitation ranges from 30 
to 50 inches. These soils occur on the boundary between vegetation 
zones B and Cy. 

Modal profile of the Kalihi series: 


A; O0to9inches, very dark-brown (dark gray when wet) clay; strong medium 
to fine granular structure; firm when moist, hard when dry, and very plastie 
when wet; pH 5.0 to 6.5; roots numerous. 

B 9 to 30 inches, brown, gray, and yellowish-brown mottled clay; strong 
medium blocky structure; firm when moist, hard when dry, and very 
plastic when wet; pH 5.0 to 6.5; roots present but number decreases 
rapidly with depth. 

C 30 inches +, mottled dark-gray and light-gray clay, commonly flecked 
with rusty brown; massive to coarse blocky structure; very firm when 
moist, very hard when dry, and very plastic when wet; pH 5.0 t06.5; 
fine-textured alluvium. 


There is considerable variation in the color of the A, horizon. The 
areas on Kauai and most of the area on Oahu are dark in color, but 
in Kalihi Valley an area that is lighter in color than normal has been 
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included. Mottling generally begins at 10 or 12 inches, and the gray 
increases in prominence with depth until the soils are almost uniformly: 
light gray at depths of 4 feet. Near the golf course on the outskirts 
of Honolulu the soils are somewhat browner than is normal for the 
series, but even in these areas, the level places have standing water 
for considerable period after rains. 


Kalihi clay (0 to 5 percent slopes) (KT).— This is a stone-free or only 
moderately stony soil. It occurs on the island of Oahu in valleys on 
the outskirts of Honolulu, and on the Island of Kauai The soil 
profile and its variations are those described for the Kalihi series. 

Near Honolulu the soil is mostly used for urban development. A 
few vegetable gardens are planted on it, and a few small patches of 
taro are grown in the Kalihi Valley. Most of the soil on the island 
of Kauai is used for sugarcane. 

This soil is very difficult to manage. It puddles easily if not worked 
at exactly the right moisture content, and this limits use for cultivated 
crops. Fair yields were reported from the canelands on Kauai, but 
this soil is not first-class cropland, primarily because it is heavy, 
sticky, and plastic. The soil withstands shortage of water rather 
well, however. 

Areas of this soil near Honolulu developed for urban use support 
a varied vegetation. In idle areas, koahaole, lantana, and similar 
shrubs generally dominate, but many kinds of weeds and grasses 
occur in the plant association. Honohono is particularly prominent 
in some localities. 


Kalihi very stony clay (0 to 8 percent slopes) (Kv).— This very stony 
soil occurs mainly near the margins of the valleys back of Kahala. 
It is found where rocks from the rocky valley sides have rolled down 
and mixed with the alluvium from which the soil is derived. Loose 
stones litter the surface and occur throughout the profile. Except 
for stoniness the profile is essentially that described for the Kalihi 
series. The soil covers a small acreage. Practically all of it is used 
for urban developments or is idle and covered with various shrubs, 
weeds, and grasses. 

KAENA SERIES 


The Kaena series consists of sticky, plastic clays on talus slopes. 
The soils occur on the islands of Kauai and Oahu at altitudes ranging 
from 50 to 500 feet. The annual precipitation ranges from 30 to 80 
inches, but is mainly less than 50 inches. The soils are mamly in 
vegetation zone C, but locally extend into vegetation zone B. 

Modal profile of the Kaena series: 


A; 0 to 9 inches, very dark-brown clay; strong medium granular structure; 
firm when moist, hard when dry, and moderately plastic when wet; 
pH 5.0 to 6.0; roots numerous; generally stony. 

B 9 to 24 inches, gray, brown, and yellowish brown mottled clay; generally 
stony; strong medium blocky structure; firm when moist, hard when 
dry, and moderately plastic when wet; pH 5.0 to 6.0; roots present but 
decrease rapidly with depth. 

C 24 inches +, clayey stony colluvium consisting of material similar to 
that of the B horizon embedded in a mass of stone fragments and gravel 
at varying stages of decomposition. 


These soils form a fringe at the base of upland slopes, as they occur 
where material moved by water and gravity has accumulated. Most 
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areas are at least moderately stony, and in some places, particularly 
near the uplands, fine soil material occurs only as filling in the spaces 
between a mass of rock fragments. The least stony parts occur at the 
lowest elevations farthest from the uplands. The subsoil is mottled, 
but the degree of mottling varies greatly within short distances. Gen- 
erally the most highly mottled areas are also the most sticky and 
plastic. The mottling is apparently caused by seepage waters. Limited 
data indicate that these soils are moderately high in exchangeable 
magnesium. 


Kaena silty clay, gently sloping and sloping phases (2 to 15 percent 
slopes) (Ks).— These phases occur on the lower parts of the talus 
slopes extending from Kaipapau to Kaneohe Bay on the northeast 
coast of the island of Oahu, and from Koloa eastward on the island of 
Kauai. Some loose stones are normally present on the surface and 
embedded in the upper part of the soil. Nevertheless, stoniness is 
not enough to prohibit the use of machinery. Parts of this mapping 
unit on the island of Kauai are moderately eroded, but on most of 
the areas on the island of Oahu erosion has not been serious. 

A large part of this unit is used for irrigated sugarcane. Yields are 
generally not equal to those obtained on the adjacent weakly hydro- 
morphic members of the Low Humic Latosol group, and production 
costs are somewhat higher. The irrigation ditches must be laid on 
the contour. The slopes are not so steep that they greatly interfere 
with cultivation, but they do cause some inconvenience in distribution 
of water. Most of this unit has stones in numbers that interfere with 
harvesting. Loose stones are particularly troublesome because they 
are picked up and carried to the mill. 

A small part of this unit is pastured. Bermudagrass is the most 
conspicuous, but introduced grasses are also important. Among the 
introduced species, paspalums and the larger forage grasses are 
probably most important. Most pastures are infested with shrubs. 
Lantana is extremely vigorous and in some places forms dense thickets. 
Guava is also a serious pest. Koahaole does well and may be used to 
advantage because it competes with the dense growths of lantana. 
The carrying capacity of the shrub-free areas is moderately high, 
although the production of forage is somewhat seasonal. The 
quality of the forage is good. 


Kaena clay, gently sloping and sloping phases (2 to 15 percent 
slopes) (Ka).—~These very heavy, sticky, plastic phases have a profile 
typical of that described for the Kaena series. They are found on 
talus slopes stretching from Kaipapau to Kaneohe Bay on the north- 
east coast of the island of Oahu. These phases have properties that 
make them less suitable for cultivation than the phases of Kaena 
silty clay. Nevertheless, a considerable part of their area near 
Kaipapau on the windward side of Oahu is used for irrigated sugarcane. 
Yields and problems of production are similar to those for phases of 
Kaena silty clay in the same area. 

Some of this mapping unit is either idle or used as pasture. It 
supports a brushy growth. in which lantana and guava are particularly 
prominent. Bermuda is the principal grass in most places. Control 
of the noxious shrubs is one of the most pressing problems in managing 
pastures. This unit, however, is moderately well suited to use of 
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machinery for eradication and control of plant pests. Pastures have 
a moderately high carrying capacity. The forage is somewhat 
seasonal in growth, but is of good quality. 


Kaena very stony clay and silty clay, phases undifferentiated (3 to 
15 percent slopes) (Kc).—These very stony phases occur where uncon- 
solidated talus material joins the rocky uplands. They are found on 
the northeast coast of the island of Oahu in an area extending from 
Kaipapau to Kaneohe Bay and on the island of Kauai. 

The profile consists of a very stony dark-colored clay or silty clay 
surface soil over a very stony clay subsoil mottled with gray, brown, 
and yellowish brown. Except for large quantities of stones on the 
surface and within the soil, the profile is similar to that described for 
the Kaena series. 

These phases are too stony for use of machinery. Some parts were 
once used for hand-cultivated sugarcane, but practically all of the unit 
is now either idle or used for grazing. Hand labor is necessary to 
control lantana and guava on these stony phases, so in most places 
little effort has been made to clear the pastures of shrubby growth. 
Bermudagrass is the dominant species growing in association with the 
lantana and guava. 

The carrying capacity of this unit is considerably less than that for 
the less-stony soils of the Kaena series, principally because the lantana 
and guava reduce yields of forage. Planting of koahaole probably 
would be one of the ways of improving pastures, tor it can compete 
with the lantana. If methods for controlling growth of shrubs can be 
worked out, this unit should have a carrying capacity similar to that 
for the phases of Kaena clay. Forage growth is seasonal on this stony 
unit, and in most places is made more so because the shrubs compete 
for moisture. The quality of the forage is good. 


LAIE SERIES 


The Laie series consists of poorly drained soils on recent alluvium. 
They are found on the islands of Kauai and Oahu at altitudes mainly 
below 200 feet, but locally occur at altitudes up to 500 feet. Precip- 
itation ranges from 30 to 50 inches per year in most places, though in 
places on Kauai it reaches 80 inches per year. Most of the series is 
in vegetation zone Ci, but on Oahu it extends slightly into vegetation 
zone D. i 

Modal profile of the Laie series: 

A, 0 to 10 inches, very dark-brown to black clay loam or clay; moderately 
developed medium crumb structure; friable to firm when moist, moder- 
ately plastic when wet, firm to very firm when dry; pH 5.5 to 7.0; roots 
numerous. 

B, 10 to 30 inches, very dark grayish-brown clay loam or clay mottled with 
yellowish brown; usually wet and soft in place; plastic when wet and firm 
when moist; little structure is apparent; pH mainly 6.5 to 7.5; few roots. 

B2 30 to 45 inches, light grayish-brown clay or silty clay strongly mottled 
with yellowish brown; soft and structureless in place; moderately plastic 
when wet and firm when moist; pH mainly above 7.0; few or no roots. 

C 45 inches +, light-gray or gray clay; massive, alkaline, plastic alluvial ma- 
terial developed under reducing conditions. 


The B, horizon varies considerably according to drainage. Normally 


the B, horizon is soft and mushy in place, but in many of the cropped 
areas the soil has been drained to such extent that it has a B, horizon 
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of normal consistence for heavy-textured alluvial soils. Even in the 
cultivated areas, a soft mushy material occurs at depths of 3 feet. 
Most of the series overlies recent alluvium, but in a few places it 
has been mapped on areas characterized by the Geological Survey as 
older alluvium. The water table is high in these areas of older allu- 
vium, and it accounts for mottling in the subsoil. Seepage water con- 
tributes less to these soils than to other soils of the Kalihi family. 


Laie clay loam (0 to 2 percent slopes) (un).—This poorly drained 
soil occurs on the coastal plain on the island of Oahu, where a high water 
table has led to reducing conditions in the subsoil. The soil is moder- 
ately sticky and plastic throughout, but the surface layer is friable 
when moist. The soil profile is that described for the Laie series. 

A fairly large part of this soil has been improved. by artificial drain- 
age; and the subsoil, though mottled, is firm enough to support heavy 
equipment. Much ‘of this improved area is used for irrigated sugar- 
cane. The amount of sunlight is high, and yields are fair to good. 
Some areas in the small valleys on the windward coast of Oahu are 
used for taro. Many areas, however, are idle or used for pasture. 
The acreage is small, and this soil is not important agriculturally. 


Laie clay (0 to 2 percent slopes) (Lm).---This sticky, plastic poorly 
drained soil is on coastal flats on the island of Oahu, as well as on higher 
lying areas of alluvium on the island of Kauai. The soil profile is 
similar to that described for the Laie series. Less of this type than of 
the Laie clay loam has been improved for cropping, but some areas are 
used for sugarcane under irrigation. Where the water table has been 
lowered, this soil is considered equivalent to those of the Honouliuli 
series, which occur under similar climate on the island of Oahu. In 
its natural condition, however, this soil is much less productive. The 
areas on the island of Kauai are subject to somewhat greater cloudiness 
and are probably correspondingly less well suited to cane. 

Where this soil is used for pasture, algaroba is prominent, and asso- 
ciated with it is Bermudagrass or piligrass and annuals. The carrying 
capacity is moderate, and the production of forage is highly seasonal. 
The quality of the feed is very good. 


SOILS OF THE KALOKO FAMILY 


The Kaloko family is made up of very poorly drained soils over 
marl-like material or organic deposits. Many of the areas were orig- 
inally swampy; most of the areas now cropped have been reclaimed by 
drainage. The relationships of soils of this family to other Gray 
Hydromorphic soils are given in table 17 in the section on Relation- 
ships Among Soils of Hawaii. 

The soil profile is typical of that for highly hydromorphic soils that 
are not wet enough to be actual peat deposits. The relationships of 
the three soil series in this family are given in table 85. 


USE AND MANAGEMENT 


In their natural condition, all soils of the Kaloko family were too 
wet for cultivation. The original vegetation was probably salt-loving 
plants, or plants adapted to areas waterlogged with fresh water. 

On the island of Kauai extensive areas have been reclaimed by 
drainage and by adding materials to the surface of the land. First 
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TABLE 85.—kKey, modal profile, and environment 


Modal profile 


Horizon Color (dry) 
Key Series Range in depth 
Let- to— Texture 
ter 
sym | ^ 7 — Name | Munsell 
bol | Upper | Lower i 
limit | limit i 
| i 
| ! 
| Inches | Inches : 
FESI 0 | 1- 3 Dark reddish 2.5 YR 3%- Olay.......... 
brown. 34. 
B 1-3 7-12 | Reddish brown |.___._...------|--... 0. ees 
| and gray 
A. Derived from al- | Kaloko *Bs 7-12 | rupe and do. 
luvium, shallow | [re ere yellowish | 00) 
to moderately brown mot- 
deep over i tled. 
marl. D Jasen enna White soft marl-like calcium car 
Al 0 6-10 | Reddish brown 
and gray 
mottled. 
Bi 6-10 | 12-19 | Reddish brown, |.............. Silty elay..... 
yellow, and à 
PEA Ws gray mottled. 
B. Derived fom a Nobili hg, | 12-19] 18-30 | Light gray | 0 000— Clay 
DE mottled with 
DIE yellowish 
brown. 
B: 18-30 | 30-48 | Light-gray sticky plastie clay with lenses of 
C» lente axel exsemees Dark gray and white mottled elay with gypsum 
Al 0 6-12 | Dark reddish lzn-2oe-m p Oy. c ees 
brown and 
gray mottled. 
E: 5 3 
C. Derived from Pearl B 12) 1530 ight eray and peres c: a Becas 
alluvium over | Harbor brown mot- 
organie de- tled. 
posits. D 15-30 |-------- Dark-brown highly organic deposit under soil 
peaty or mucky deposits have been covered by 


*Locally has thin layers of gypsum crystals. 


the areas were drained by canals, from which the water was pumped 
so as to keep the water level 2 to 3 feet below the surface. Cane was 
then planted in areas between the canals. During the life of the ra- 
toons, the canals were allowed to fill with sediment. The canals were 
then dredged clean, and the sediment deposited along the banks was 
spread over the fields. After dredgings from the canal had built up 
a narrow area along the canal to the required height, the canal was 
moved and the process was repeated. In this way extensive areas 
have been reclaimed and are now fair to good for sugarcane. Some 
of the drained areas, however, have such a thin cover of alluvial 
material over marl that production is poor, and several areas of this 
kind have been abandoned. These are principally areas of shallow 
Kaloko soils. Those drained areas that are not in cane support a 
vegetation of algaroba, klu, some Bermudagrass, various salt-loving 
grasses, and annuals. The undrained areas support mainly water- 
loving plants and, in the salty areas, those plants that can withstand 
high salt concentrations. 
KALOKO SERIES 


Soils of the Kaloko series are characterized by marl-like material, 
probably derived from coral or coral sand, at depths ranging from 
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of soil series of the Koloko family 


Modal profile—Continued Environment 
Consistence 
Annual Vege- 
Structure pH Island | rain- | Elevation | tation 
Dry Wet fali zone 
i "E — 
| i Inches Feet 
Weak medium | Firm............| Moderately 7.5-8.5 
crumb. plastic. 
Strong medium Hard: cumin H0. im igees 8.0-8.5 
blocky. 
MNT do. __-.-d0....------.|8.0-8.5 | Kauai...) 15-30 0-250 A. 
depths ranging from 9 to 36 inches __....--.__---------------+--«- 
/eak course Friable.......... Moderately 7.5-8.0 
crumb. plastic. 
Moderately hoai a is APEE EEE EEE Ci EPEE sess 7.5-8.3 
medium | 
Eo Harda- RN 5-83 |/Raual-..| 15-45 0-250 | A, B. 
gypsum crystals... 
crystals; weak effervescence with hydrochloric acid 
Moderately Hard... Plnstig.. 22-2 i 
course crumb. 
Massive_._---..-- 1--444d0......-. Lee | reus C E 7.58.54] |vanai. | 3045 0-50 B. 
Oahu...| 10-30 0-20 A. 
irom alluvium; this D horizon occurs in Jow-lying areas where | 
alluvium; the water table is normally t the top of it. | 
1 


a few inches to 30 or more inches. They occur on the island of 
Kauai at elevations ranging from sea level to 250 feet. They are 
entirely within vegetation zone A. The annual rainfall ranges from 
15 to 30 inches. 

These soils have a dark reddish-brown clay A, horizon in unplowed 
areas, and mottled subsoils in which gray predominates below a depth 
of 10 inches. 


Modal profile of the Kaloko series: 


A, 0 to 2 inches, dark reddish-brown clay; weak medium crumb structure; 
firm when dry and moderately plastic when wet; pH 7.5 to 8.5. 

B, 2 to 9 inches, reddish-brown and gray mottled clay; strong medium 
blocky structure; hard when dry and moderately plastic when wet; pH 
8.0 to 8.5; few roots present; in undrained areas, this layer is periodically 
waterlogged. 

B, 9 to 18 inches, light-gray clay mottled with yellowish brown; strong medium 
blocky structure; hard when dry and moderately plastic when wet; pH 
8.0 to 8.5; thin layers of gypsum erystals are common; the lower part 
is somewhat mixed with soft, very light-gray calcium carbonate from 
the marl-like material of the D horizon. 

D 18 inches +, very light-gray marl-like calcium carbonate. 


The depth to the marl-like material ranges from 6 to 30 inches in 
most places. Locally, however, layers of cemented calcium carbonate 
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occur near the bottom of the B» horizon. The surface layer varies 
a great deal in cultivated fields because material dredged from the 
drainage ditches has been incorporated. The plowed surface soil on 
the shallow areas is variegated with gray, reddish brown, grayish 
brown, and white because the marl has been plowed up. The depth 
to the water table depends on the effectiveness of artificial drainage. 
Usually the water table is near the surface. Included in the series 
are small areas that are high in soluble salts. The clays in these 
salty areas are flocculated. 


Kaloko clay (0 to 2 percent slopes) (Kv).—This is the deepest soil 
of the Kaloko series. Its profile is like that described for the Kaloko 
series, but the marl-like D horizon is generally more than 24 inches 
deep. 
Much of this soil is used for sugarcane. It produces good yields, 
though the occasional spots high in soluble salts somewhat limit 
yields in relation to the adjacent soils that are at least moderately 
well drained. Also, small areas of soil shallow over marl have been 
included, and on these the growth of sugarcane may be very poor. 

This soil requires regularly spaced drainage ditches that will pro- 
vide proper subsurface drainage. It needs intensive fertilization with 
nitrogen, but its requirements for phosphorus and potassium have 
not been determined. The amount of exchangeable magnesium is 
probably high, and fertilization with potassium likely is necessary. 

The few areas of this soil not used for cane support algaroba, some 
klu, and some Bermudagrass mixed with annual grasses. In the 
small areas high in soluble salts, salt-loving plants dominate. Little 
of the area is used for grazing, but if it were, it would produce high- 
quality forage of low carrying capacity. 


Kaloko clay, very shallow phase (0 to 2 percent slopes) (Kw).— 
Marl material lies at depths less than a foot below the surface of 
this soil. In most places marl is at depths of 4 to 8 inches. The 
soil surface is nearly level or depressed. The surface layer is a dark 
reddish-brown to dark-gray, heavy, sticky, plastic clay. The under- 
lying material is usually mottled with gray and reddiah-browai and 
contains a considerable amount of light-gray material derived from 
the underlying marl-like deposit. 

Most of this soil is idle or is used for pasture. The vegetation 
consists of algaroba, klu, ilima, Bermudagrass, piligrass, and various 
annuals in the best drained parts. In the least well-drained parts or 
in the salt spots, salt-loving plants predominate. Some areas of this 
soil once cropped to sugarcane have been abandoned. Some small 
areas are still in cane, but from the appearance of the crop, yields 
would be low. The phase occupies a small acreage and is of limited 


agricultural importance. 
NOHILI SERIES 


The Nohili series consists of a deep poorly drained soil over marl. 
It is associated with soils of the Kaloko series on the island of Kauai. 
Nohili soil occurs at elevations ranging from sea level to 250 feet. It 
is mainly in vegetation zone A, but locally extends into zone B. The 
annual rainfall ranges from 15 to 45 inches. 

In most places there is at least 3 feet of soil material over marl, 
but locally there may be as little as 20 inches. In many respects this 
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soil has upper horizons resembling those found in the Mala soils, and 
below this, horizons typical of the Kaloko series. 
Modal profile of the Nohili series: ?? 

A; O0 to 8 inches, reddish-brown clay weakly mottled with gray; weak 
coarse crumb structure; friable when moist and moderately plastic 
when wet; pH 7.5 to 8.0; roots numerous. 

B, 8 to 15 inches, highly mottled reddish-brown, yellow, and gray silty 
clay; moderately developed medium blocky structure; firm when dry 
and moderately plastic when wet; pH 7.5 to 8.3; roots present. 

B: 15 to 24 inches, light-gray clay mottled: with yellowish brown; moderately 
developed medium blocky structure; hard when dry, and moderately 
plastic when wet; pH 7.5 to 8.3; few or no roots. 

Ba, 24 to 36 inches, light gray, massive, sticky and plastic clay with lenses 
of gypsum crystals; no roots present. 

C 36 inches +, dark-gray and white mottled, sticky, plastic, massive clay 
with gypsum crystals; weak effervescence with hydroehlorie acid; 
grades to marl-like material (D). 

. The friable reddish-brown material at the surface varies considerably 
in thickness. In some places it is 12 or even 18 inches thick, but in 
others it may be very thin. In these places the soil approaches the 
better parts of the Kaloko series. 


Nohili silty clay (0 to 3 percent slopes) (Nr).—The soil profile, with 
its variations, is that described for the Nohili series. Most of the 
soil is used for sugarcane, and yields obtained are good. The soil 
requires large applications of nitrogen for cane. It probably is 
deficient in potassium and phosphorus, though data on its need for 
these two were not available. This soil likely would need less potash 
than Kaloko soils, but more phosphorus. All in all, this soil 1s con- 
sidered good for sugarcane. <A large part of it has been reclaimed by 
drainage. The salt spots common to soils of the Kaloko series are 
ordinarily not present in this soil. 

The few areas of this soil not used for cane are idle and covered 
with algaroba, klu, ilima, piligrass, and Bermudagrass. This soil 
would produce relatively small amounts of forage fairly typical of 
that growing in the lowest lying areas of pasture in vegetation zone A. 


PEARL HARBOR SERIES 


The Pearl Harbor series is a very poorly drained soil derived from 
mineral material that has been deposited over old peats or mucks. 
It occurs on the islands of Kauai and Oahu at elevations less than 50 
feet above sea level and receives 10 to 45 inches of rainfall annually. 

In most places dark-brown moderately to highly decomposed 
organic material lies at depths of 20 or 30 inches. This is also approx- 
imately the level of the water table most of the year. Above the 
organic deposit is 12 to 30 inches of inorganic alluvium in which the 
highly hydromorphic, strongly mottled, clayey soil has developed. 

Modal profile of the Pearl Harbor series:” 

A: 0 to 9 inches, highly mottled dark reddish-brown and gray clay; moder- 
ately developed coarse crumb structure; hard when dry and plastic 
when wet; pH 7.0 to 8.0 + ; roots present; layer may be silty. 

B 9 to 24 inches, highly mottled light-gray and yellowish-brown massive 
clay; hard when dry and plastic when wet; pH 7.5 to 8.5+. 

D 24 inches +, dark-brown moderately to highly decomposed remains 
of plants; soft and mushy; generally lies below the water table. 


1? Nohili silty clay. 
20 Pearl Harbor clay. 
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Pearl Harbor clay (0 to 1 percent slopes) (P28).—The profile of this 
soil is that described for the Pearl Harbor series. Variations from 
that profile result from inclusions in the mapping. On the island of 
Oahu, there are included areas where coral sand is mixed with the soil 
or where it may underlie the organic deposit. Textures also vary from 
a silty clay to a clay. The wetness of the soil ranges widely. In some 
places the water table is very near the surface and the vegetation 
consists entirely of water-loving species, but more commonly the 
water table is 20 inches or more below the surface and the vegetation 
consists of grasses. 

A considerable part was once used for taro or rice, but only a few 
paddies now remain. Most of the area is covered with grass. The tall 
forage species, panicum, is one of the most common grasses. This soil 
is used principally for pasturing water buffalo that work the taro and 
rice patches, or for other domestic animals. 

The water in this soil is mainly fresh water from the uplands. 
Nevertheless, small areas having high concentrations of salt have been 
included in the mapping. Some of the areas mapped as Pearl Harbor 
clay at the time of the survey have since been filled with soil from the 
adjacent uplands. 


PADDY SOILS 


Paddy soils are dominated by properties that result from poor 
drainage induced by man. The surface 10 inches is dark-gray, soft, 
mucky silt loam that is stirred when the flooded paddies are tilled. 
This layer overlies 5 to 10 inches of firm to compact, moderately 
plastic silty clay that is highly mottled with gray, yellow, and brown. 
The mottled layer overlies less firm alluvium. Paddy soils occur on 
the islands of Kauai, Maui, and Oahu at low elevations. The rainfall 
ranges very widely, 

HAUULA PADDY SOILS 


The Hauula Paddy soils (H2p) have developed hydromorphic 
characteristics and a distinct compact zone or clay accumulation 
because of flooding and continuous cropping to taro or rice. Their 
relationships to other hydromorphie soils are indicated in table 17, 
in the section on Relationships Among Soils of Hawaii. 

All of the Hauula Paddy soils were mapped as one unit, though 
they differ in degree to which hydromorphic characteristics are 
expressed and in development of the clayey or compacted horizon 
below the plowed layer. The paddies have hea flooded for varying 
lengths of time, and the variations in soil characteristics are therefore 
so ae it was impossible to show them at the scale of mapping 
used, 

These soils are mapped on the islands of Kauai, Maui, and Oahu. 
They occur on alluvium and are generally at low elevations. Most 
of their area occurs below elevations of 200 feet, but on the island of 
Kauai some areas have been mapped at altitudes as high as 500 feet. 
On Kauai the rainfall for these soils is 40 to 150 inches per year; on 
Maui, 20 to 40 inches; on Molokai, 10 to 30 inches; and on Oahu, 
from 20 to 70 inches. Climate does not influence the location of these 
soils, for their characteristics have been induced by man. 
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Modal profile of the Hauula Paddy soils: 


Ai 0 to 9 inches, gray or grayish-brown silt loam mottled with yellowish 
brown; in dry paddies this horizon is coarsely granular and friable, but 
in flooded paddies it is mucky; the material is somewhat sticky when 
wet but not highly plastic; pH values range from 5.5 to 7.0. 

B 9 to 15 inches, strongly mottled gray, yellow, and brown silty clay; very 
compact in place; clods have the appearance of dryness even under 
flooded paddies; strong fine to medium blocky structure; firm when 
moist and slightly to moderately plastie when wet; pH 5.5 to 7.0. 

C 15 inches +, brown or grayish-brown silt loam or silty clay loam with 
low-contrast pale yellow and gray mottling; not compact in place; 
friable when moist and slightly to moderately plastic when wet; this is 
alluvial material comparable in origin to that of Haualei or Kawaihapai 
soils; pH mainly above 6.0. 

Development of the B horizon varies greatly according to the 
length of time the land has been used for paddies. Apparently the 
B horizon is induced primarily by compaction and some sedimentation 
of fine material that takes place during cultivation of the flooded 
areas. The B horizon is effective in retaining water. In some of the 
lower lying and naturally poorly drained areas the B horizon may be 
almost entirely lacking. Some areas of these soils occur on older 
alluvium, and in these places the C horizon is similar to that under- 
lying the Lolekaa soils. . . . 

From the chemical data available, it appears that these soils 
accumulate exchangeable magnesium as cultivation continues. Waters 
used for flooding generally carry a considerable amount of soluble 
magnesium salts, and some of the heavier textured soils of this group 
are now very high in exchangeable magnesium. In texture, these 
soils range from silt loams in the surface layer to clay loam, or in some 
places clays, in the lower layers. The textures appear to be dependent 
primarily on the texture of the alluvium when the paddies were first 
established. Generally the paddies are located on alluvium that is 
a silt loam or of & heavier texture. 


BOG SOILS 


The Bog soils developed under waterlogged conditions that permit 
accumulation of organic matter. Two units have been mapped— 
Alakai peat, and Lowland peat and muck. The relationships of the 
Bog soils to other hydromorphic soils are given in table 17, in the 
section on Relationships Among Soils of Hawaii. The characteristics 
and environment of the two kinds of Bog soils are given in table 86. 


ALAKAI PEAT 


Alakai peat occurs entirely within areas mapped in reconnaissance. 
It is mapped in complexes with other soils, not as a separate unit. 
Alakai peat is very acid, slightly decomposed, and occurs at high 
elevations in regions of extremely high rainfall It is found on the 
islands of Kanai, Maui, Molokai, and Oahu at altitudes ranging from 
3,500 to 5,800 feet. In most of the regions the annual rainfall is 
between 300 and 500 inches, but in some places where the land is level 
this peat has developed under as little as 100 inches of rain per year 
Where rainfall approaches 500 inches per year, this peat develops on 
moderate to strong slopes, in places on slopes as steep as 15 percent. 


Tass 86.—Modal profile and environment of Bog soils 
Modal profile Environment 
Horizon 
Series Range in depth Annual 
to— Description Island rain- Elevation 
Letter fall 
symbol 
Upper | Lower 
limit limit 
Inches | Inches 
I 0 4— 7 | Undecomposed moss, sedges, and debris from herba- 
ceous plants. Inches Feet 
2 A 7 15-40 | Brown slightly decomposed peat; raw and very acid- -|| Kauai....|300—500 | 3, 500-5, 800 
3 15-40 25-50 | Dark-brown very acid partly decomposed peat '|Maui....|250—400 | 4, 000-5, 800 
Alakai mixed with minera] soil. 
e a 4 25-50 35-60 | Light-gray (2.5Y 6/0-7/0) rubbery plastic clay; very |(Molokai..|250—300 | 3, 500-5, 000 
acid. 
5 35-60 |... ... Yellowish-brown hard ironstone 1$ to 4 inches thick, ||Oahu. ... 100 4, 000 
which may be absent. 
DAMM ETE Highly weathered bedrock that extends downward 
for many feet. 
SERERE 0 0-12 | Dark grayish-brown silt loam; a mixture of alluvium 
and well-decomposed peat; commonly thickest 
near edges of the area; may be absent; moderately 
Lowland peat acid to neutral. Kauai....| 10- 30 0- 100 
and muck! ||....... 0-12 10-36 | Very dark-brown moderately well-decomposed peat; }/Oahu_-_-| 20- 50 0- 100 
soft and mushy. 
NR 10-36 20-80 | Brown raw peat in which plant remains are identifiable. 
NINE 20-80: |. 5| GAVIA hse ace cece eee eee 


1 This unit varies widely as mapped, but the profile given in this table is most common. 


places; depth of profile varies from 20 to 80 inches or more. 


Raw peat may extend to the surface in 
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The profile of Alakai peat is extremely variable from place to 
place, but ranges representative of a large part of its area are given in 
table 86. In most places the surface 4 to 7 inches consists of unde- 
composed organic remains of mosses, sedges, and some herbaceous 
plants. This material is matted with roots; in fact, a considerable 
part of the layer is living roots. Below the matted layer is brown, 
slightly to moderately decomposed peat in which the remains of plant 
material can be identified. This peat is a raw, spongy, porous mass 
that holds extremely large quantities of water. It is extremely acid. 
In some places pH values as low as 3.2 have been recorded. Mosses 
have contributed a considerable part of the material, but the remains 
of sedges or grasses and some woody stems can be identified in the 
peat. At varying depths, commonly near 30 or 40 but in places at 
as little as 15 inches, there is a dark-brown, extremely acid, partly 
decomposed peat mixed with mineral soil material. The organic 
materials in this layer are apparently more completely decomposed 
than those in the layer above. This horizon is extremely wet and 
mushy in place; it is commonly about 10 inches thick. 

Below the layer of mixed peat and organic material there is a gley 
horizon about 10 inches thick. This gley layer is a light-gray or 
*5luish-gray," rubbery, highly plastic clay that is structureless in 
place. It is not highly sticky, but it may be molded easily. The 
gley layer is variable in thickness. The average range is about 8 to 
10 inches, but in some places it is only 2 or 3 inches thick. This mate- 
rial is apparently residual from the underlying lavas. In most places 
there is a thin layer of yellowish-brown, hard ironstone below the gley 
layer and in contact with weathered bedrock that retains its original 
rock structure. This ironstone is not continuous. In some places it 
is 4 or 5 inches thick, but in others it may be absent or appear only 
as a thin film on the weathered rock material. The ironstone layer 
is not horizontal; it appears to have formed on the surface of rock 
cores now weathered away, or in cracks between those cores. The 
ironstone is hard and slaglike. 

Underlying the ironstone is highly weathered lava bedrock that 
retains its original structure and extends to depths of many feet. 
Commonly, the weathered bedrock has bands or nodules of yellowish- 
brown, hard, ironstone. 

Alakai peat is mapped in two complexes—Amalu clay-Rough 
broken land complex, which is described under soils of the Amalu 
series; and Alakai peat-Amalu clay complex, which is described on 
the following pages. 


Alakai peat—Amalu clay complex (0 to 20 percent slopes) (Am).—~ 
This is a complex of Alakai peat with the Hydrol Humic Latosol, 
Amalu clay. It occurs on the island of Kauai, where it extends as a 
long narrow band from the summit of Waialeale northwestward for a 
distance of about 9 or 10 miles. The belt varies from 1 to 2 miles in 
width. Alakai peat probably occupies considerably more than half 
of this area, and the rest is composed predominantly of Amalu clay or 
a soil transitional between Amalu and Alakai. The following descrip- 
tion of the area on the Alakai swamp trail to Kilohana may be con- 
sidered fairly representative of the area. 

Peat material forms at elevations above 3,900 feet in the vicinity 
of Kokee. Near Waialae, peat does not accumulate much below an 
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altitude of 4,200 feet. On the Kilohana trail, the area is dominantly 
wooded until the stream is crossed at an elevation of 3,700 feet. In 
this wooded area, the soil is dominantly Amalu clay which is described 
on page 387. On the more level areas, however, the brown, soft, 
mushy mat of decaying vegetable matter typical of the surface layer 
of Amalu clay may be as much as 12 or 18 inches thick, and the soil 
may be classified as a peat of a woody type. 

From the 4,000 foot level to Kilohana, there is a mixture of areas 
of open bog and areas covered by stunted ohia, alili, and other small 
shrubs. The wooded parts usually occupy slightly elevated areas or 
follow shallow drainageways. The soil in the wooded places is like 
Amalu clay except that the A, horizon is very thick, in places 30 
inches thick. "This layer is so saturated with water that when one 
steps off the trail he sinks to the bottom of it with every step. The 
deep areas of woody peat occur in the gentle sloping places. On the 
stronger slopes near the shallow drainageways, the profile is typical 
of Amalu clay or the soil is a Lithosol. In the areas of open bog, 
peat is usually 2 feet or more deep, and the average is about 36 inches. 
Depths of 9 feet have been recorded. "These bog areas are typical of 
Alakai peat as previously described. Open areas in the bogs have a 
mat of mosses in which sedges, small reeds, and a few herbaceous 
plants oceur. Very small ohia plants established from seed from the 
adjacent forest areas reach a height of only a few inches and may 
bloom at that size. They apparently cannot develop into trees 
typieal of their species on this extremely acid soil Although this 
peat generally occupies gently sloping and slightly concave sloping 
areas, it also occurs on some small knolls that appear to result from 
peat accumulation rather than from the conformation of the under- 
lying mineral material. The proportion of open bog increases with 
elevation, and near Waialeale open bog dominates, though the relief 
is strongly undulating to rolling. 

This complex is extremely valuable because it supplies much of the 
irrigation water that makes cropping of soils in drier parts of the 
island possible. It serves as a water reserve, and is best used for 
that purpose. 

LOWLAND PEAT AND MUCK 


Lowland peat and muck (Lv) is an undifferentiated mapping unit 
consisting of organic soils at low elevations. It occurs on the islands 
of Kauai and Oahu at altitudes of less than 100 feet, mainly in dry 
areas where the annual rainfall ranges from 10 to 50 inches. 

The soil profile is extremely variable, but commonly is as described 
in table 86. Generally, the surface 8 inches is somewhat mixed with 
alluvium to form a mucky mixture of mineral soil and well-decomposed 
organic material. This layer is underlain by 1X to 2 feet of decom- 
posed soft and mushy peat that is dark brown or very dark brown. 
Below this layer there is normally a deposit of brown raw peat in 
which plant remains can be identified. The whole peat deposit rests 
on alluvium. 

In places, raw undecomposed peat may extend to the surface. The 
depth of the peaty material varies from 20 to more than 80 inches. 
Tn some areas there is little or no mixture of mineral soil in the upper 
layer, but in other areas the mineral material may be 20 or 30 inches 
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deep. Where these peats and mucks grade into Pearl Harbor clay, 
their surface layer is dominantly mineral matter. 

Most of this mapping unit is covered with a dense growth of coarse 
grasses or reeds. In some places it is used for taro, but the proportion 
of the area cultivated is small. 


DARK MAGNESIUM CLAYS 


The Dark Magnesium Clays group consists of intrazonal soils 
having physical properties that show the dominating influence of un- 
usually large amounts of exchangeable magnesium. The soils consist 
of very dark-gray or black, blocky, very sticky and plastic clays that 
show little horizon differentiation. In most of the soils the surface 
3 or 4 inches is more friable than lower horizons. Colors become 
lighter gray with depth, and gypsum crystals are common below 50 
inches. These soils occur on Kauai, Molokai, and Oahu at elevations 
of less than 500 feet and receive 10 to 40 inches of rainfall per year. 
These soils have many properties in common with the dark-colored 
clayey soils of tropical and subtropical areas variously known as 
Black cotton soils, Regur, self-swallowing clays, and Grumusols. 


SOILS OF THE LUALUALEI FAMILY 


The Lualualei soil family is the only family in the Dark Magnesium 
Clays group. The magnesium clays that make up the mass of the 
soil material are outstanding in their dark color and their extremely 
sticky and plastic consistence. When these soils are dry, they are 
extremely hard. Their relationships to other soils of the Hawaiian 
Islands are given in table 17 in the section on Relationships Among 
Soils of Hawaii. Shallow soils having a soil material similar to that 
of the Lualualei family occur on lava bedrock at higher elevations, 
but they have been included with the Lithosol group. 

For soils of the Lualualei family, Sherman has indicated the close 
correlation between the high status of exchangeable magnesium and 
the heavy, sticky, plastic nature of the clays. (See p. 120). Ina 
previous paper (4) he has suggested dolomitization as one of the 
processes operating in these soils. Most soils of this group occur 
where seepage water flows laterally from adjacent uplands underlain 
by basic igneous rocks of high magnesium content into areas of 
alluvial parent material. Members of the family that are developed 
on rock or weathered in place appear to be on materials exceptionally 
high in olivine. 

The horizons in the soil profiles are poorly differentiated. Usually 
the surface 3 or 4 inches is more friable than the lower horizons. This 
upper layer is blocky, sticky, and plastic when wet, and in most of the 
soils it is very dark gray. This surface material, almost invariably a 
clay, is firm or moderately friable when dry. The material below is 
as dark as the surface layer, has a very coarse blocky structure, and is 
extremely hard when dry and very sticky and plastic when wet. 
With depth, structure becomes less apparent. At a depth ranging 
from 20 to 30 inches, the soil becomes massive and is lighter in color, 
commonly a medium gray or bluish-gray. It is possible that the dark 
color to such depths is the result of constant mixing of material from 
the self-mulching surface through the deep cracks that form when the 
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soil dries. The soil at these lower depths is extremely plastic and 
d when wet or almost soapy feeling. When dry it is extremely 
yard. 

Gypsum crystals are common in the profile below depths of 50 
inches. Sherman advances the theory that magnesium from the 
magnesium sulfate has replaced approximately half of the calcium in 
the calcium carbonate in the upper layers to form dolomite, and that 
the resultant calcium sulfate has been deposited in the deeper layers 
as gypsum crystals. 

his family is represented by five soil series, which are related as 
shown in table 87. 


TABLE 87.—Key, modal profile, and environment 


Modal profile 
Horizon Color (dry) 
n i i 
Series Range in depth | | 
Let- to— Texture 
ter H 
sym- Name | Munsell 
bol | Upper | Lower 
limit | limit 
A, Derived from 
alluvium: Inches | Inches 
At 0 3-6 | Very dark gray..| 10Y R 3/1....j Clay.......... 
1. Very plastic — | r ag. Bi 3-6 24-36 |-----d0...-------- DYRS purer do......... 
hard but fri- | "ni C) m. | 2436| 30-00 | Dark gray WYR yi |. di. ec 
id speckled with 
white. 
Cc 36-66 1... Gray elay-alluvium; may consist of masses of 
2. Very plastic Ai 0 3-6 | Very dark gray .| 5Y 3/1... -- Ck 
extremely Koko- B 3-6 30-42 | Dark olive gray.| 5Y 3/2-4/2. 
hard but fri- kahi 20 30-42 |........ Dark yellowish | 2.5Y 4/4... 
able clays. | brown. | 
Ay 0 6-312 | Dark grayish 10Y R 3/2- 
brown. Af2 
B, Derived from Bi 6-12 18-24 | Dark yellowish | 10Y R 4/4- 
porphyrtitic ba- brown. 4/3 i i 
salt (olivine Nono- Ba 18-24 | 33-48 | Grayish brown | _.--..-.-_._--j--.-- do: ss 
phenocrysts): pahu mottled with 
1, Grayish brown yellowish 
soils. brown. 
C 33-48 |. -| Clay similar to horizon above but containing 
D- [2 E Porous olivine basalt bedrock at depths ranging 
Ay 0 Dark reddish SYR 3/3-3/4.| Clay---------- 
brown. | 
Bi 3-5 Reddish brown |..-.-.-....- Adoos 
| mottled with 
2. Reddish brown | Papaa... pale gray. 
soils, Bài Gray and red — |... cuis ssl. do: iuis 
mottled. 
C Sticky, plastic, reddish-brown clay mottled 
D -| Basalt bedrock at depths ranging from 2 to 10 
| ET Dark grayish 2.5Y 3/2... Olay AAS 
brown, 
B Gray,olve, | j--2zs[2-2 do: ul 
©. Derived from Maka- and yellowish 
voleanic tuff, iapa. brown mot- 
led. 
[0] 12-42 |........ Gray and olive-brown weathered tuff. _-.___.._- 
hi E EEE] EERI Unweathered tuff at depths ranaine from 12 te 


1 Gray to light gray when moist; gypsum crystals common. 
3 Includes partly weathered gravel; gypsum crystals may be present. 
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Parts of the Lualualei soils that occur where irrigation water is 


available are used for sugarcane. 


The success of cane production 


varies notably among the different soils of the group, depending to 
some extent on variations in the physical properties (see table 88). 
The greater part of the family is idle or used for grazing. 

The soils are extremely sticky and plastic, and hard to work. 
They absorb irrigation water very slowly. Moisture relationships 
for growing plants are not good because their root systems are restrict- 
ed. The potassium deficiency in these soils has been attributed to their 
high content of exchangeable magnesium. The dark color of these 
soils does not indicate a high organic-matter content; they are ex- 


of soil series of the Lualualei family 


Modal profile— Continued Environment 
Consistence 
Annual! Vege- 
Structure pH Island | rain- | Elevation | tation 
Dry Wet fall | zone 
| = oa 
Moderate medium | Friable... Very plastic... -_}7. 0-8. 0 
granular, 
Strong medium Very bard...... --.00.......... 170-8. 0 Inches Feet 
blocky. Kauai... 15-25 0-250 | A. 
Massive... us .|.---- d6 ces aa noe deca 7.5-8.5 |[Oahu...| 15-25 0-200 | A. 
weathering gravel with clay filling the interstices... 
Massive. .. --| Extremely hard | Very plastio.....;7. : 
-. ..do - uestis ac. eese | nee nur omes DC Mrolokai.| 10-20 0-100 | A. 
Weak medium Hard... -| Moderately Oahu...| 20-40 0-200 | B. 
blocky. | plastic. 
Weak medium Friable..........| Plastie........- 
granular. j 
Strong medium Hard__-- sad sacs 
blocky. . 
Massive. .......- Very hard.......| Very plastic- Kauai. | 20-36 0-250 | B. 
| 
weathered rock fragments... ....... 
from 42 to 80 inches or more.....- | 
; ! 
Strong medium Hard............| Very plastic.....|6. 0-7. 5 | 
blocky. 
Massive... Very hard.._._..|----- do... c... 16. 0-7. 5 
Oahu...| 20-40 0-200 | B. 
WREE: EEIT Extremely ħard.l.---- OO. RE EOT 6. 0-7. 5 
vith gray; contains weathered roek... 
Eea E 
Moderate medi- 
um blocky. 
Weak medium | 
blocky. | Oahu...| 30-40 0-500 | B. 


TABLE 88.—Suitability and physical limitations of soils of the Lualualei family for mechanized agriculture 


Sorts MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 


n 
| 


Depth | 
Soil family and mapping unit Slope Erosion Loose stones | to bed- Principal physieal limitations 
rock 
Percent | Inches | 
Lualualei family, deep slightly or moderately 
Stony: 
Lualualei clay, phases uudifferentiated....... | 0- 3 | None........ Few......... » Sticky and plastic. 
Kokokahi clay, phases undifferentiated | 0-20 | Moderate..... Moderate... 40-100+-| Extremely sticky and plastic. 
Nonopahu elay_._..---._.-------.-.-------- | O- 5 | Slight.._--.-.--- 2 do....... 40— 804-| Sticky and plastic. 
Nonopahu clay—Molokai silty clay complex...| O= 8 |..... 7 NNNM EROR do. auus 48- 804-| Locally sticky and plastic. 
Makalapa clay loam, slopes undifferentiated |... | 0- 5 |..... do. suc Few-.l--u- 1 Moderately sticky and plastic. 
Makalapa clay, slopes undifferentiated________ | 0-15 | Moderate... ----. do....... 12- 50+) Sticky and plastic. 


Soins Very POORLY SUITED 


OR UNSUITED T 


O MECHANIZED AGRICULTURE 


Lualualei family, very stony or very shallow: 


Lualualei very stony clay, phases undiffer- | 


entiated. 
Kokokahi very stony clay, phases undiffer- 
entiated. 
Makalapa clay, very shallow phase__-____ "T 
Papaa clay, phases undifferentiated- ---------- 


i 


Slight___.____ 
Moderate... 


Very stony...: 


Q) 
20- 80+ 


0- 12 
40- 80+ 


Sticky, plastic, and very stony. 


Very sticky, plastic, and stony. 


Sticky, plastic, shallow. 
Sticky, plastic, stony. 


! Very deep. 


826 
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tremely deficient in nitrogen. Maintenance of good structure, a 
favorable rooting zone, and fertility are important problems in 
cultivated areas. 

In uncultivated areas the normal growth is typical of that in vege- 
tation zone A. Algaroba, klu, ilima, koahaole are prominent, and 
there is some cactus. Among these shrubs grow various weeds and 
annual grasses. Included are piligrass, which behaves as an annual 
in this zone, feather fingergrass, swollen fingergrass, and bristly 
foxtail. 

Algaroba is probably the most important plant when these soils are 
used for pasture. It provides considerable forage when the beans are 
dropped during the fruiting season. Stands of algaroba on these soils 
are generally better than on soils of the adjacent uplands, and they 
produce more pods. The more vigorous growth and fruiting appar- 
ently result because the algaroba roots reach seepage water. On soils 
of the Lualualei family derived from rock weathered in place, however, 
the growth of algaroba is less dense, and the trees fruit less profusely. 

During winter the annual grasses that spring up after rains provide 
some forage. Koahaole appears to do well on these soils, and pasture 
can be improved considerably by introducing it. Allin all, the carrying 
capacity of these pastures is low, and the growth of forage is highly 
Ae Nevertheless, the forage is of very high quality for fattening 
cattle. 


LUALUALEI SERIES 


In the Lualualei series are plastic hard clays derived from deep 
alluvium deposited on coastal flats or talus slopes. They occur on the 
islands of Kauai and Oahu at elevations of less than 250 feet, receive 
an UM rainfall of 15 to 25 inches, and are entirely within vegetation 
zone A. 


Modal profile of the Lualualei series: 


A, 0 to 4 inches, very dark-gray clay; moderately developed medium 
granular structure; friable when moist and very plastic and sticky when 
wet; pH 7.0 to 8.0; roots numerous. 

B, 4 to 30 inches, very dark-gray clay; strong medium to coarse blocky 
structure; very hard when dry, firm when moist, and very sticky and 
plastic when wet; pH 7.0 to 8.0; few roots; (this could be considered part 
of the A, horizon). 


B» 30 to 50 inches, dark-pray clay speckled with white ; massive; very hard 
when dry and very sticky and plastic when wet; when wet, material is 
medium gray or light gray and has a soapy feel; gypsum crystals are 
common; pH 7.5 to 8.5; no roots. 

C 50 inches +, gray or light gray clay similar to By but usually gravelly and 
less plastic; commonly extends to great depths and may become less 
sticky and plastic with depth. 


In color, plasticity, and stickiness, these soils are intermediate 
between soils of the Honouliuli family of the Gray Hydromorphic 
group and the extremely sticky and plastic clays of the Kokokahi 
series. Colors range from slightly grayish brown to very dark gray. 
Where these soils extend out onto the coastal flats in the Waianae 
section on the island of Oahu, coral or coral sand may underlie them 
at depths greater than 40 inches. Those areas having coral or coral 
sand at an average depth of less than 40 inches have been included in 
the Keaau series. 
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Lualualei clay, phases undifferentiated (0 to 3 percent slopes) 
(Lw).—This soil occurs west of the Waianae Range on the island of 
Oahu and in the Kekaha section on the island of Kauai. It is a heavy, 
sticky, plastic clay. Few or no loose stones are on the surface. The 
amount of exchangeable magnesium is exceptionally high. The soil 
profile and its variations are as described for the Lualualei series. 

Most of this soil on the island of Kauai is used for irrigated sugar- 
cane. A fairly large part of it on the island of Oahu was once in 
sugarcane but has been abandoned, mainly for lack of water. On 
Kauai this is considered a "strong," productive soil. It is well supplied 
with available phosphorus but is low in available potassium. The 
potassium deficiency has been attributed to the high content of ex- 
changeable magnesium. 

It is very difficult to cultivate this plastic and sticky soil, and it is 
therefore poor for intensively cultivated crops. When used for cane, 
it is not tilled frequently and can be considered fair to good caneland. 
The soil occurs where the amount of sunlight is high, and yields of 
sugar are normally good. It is a difficult soil to irrigate because it 
absorbs water slowly, the cane generally roots shallowly in the sticky 
plastic soil, and this makes the problem of providing water more 
difficult. This soil is much inferior to the more friable soils in this 
section on Kauai for sugareane, but high yields are reported. 

Most of the area not used for cane is pastured. The shrubs and 
grasses provide a small amount of seasonal high-quality forage. In 
some places algaroba is prominent and in others koahaole dominates. 
Both furnish a considerable amount of forage. Piligrass, bristly foxtail, 
feather fingergrass, and swollen fingergrass, all of which behave as 
annuals, furnish some feed during winter. Cactus appears in the plant 
association. 


Lualualei very stony clay, phases undifferentiated (0 to 5 percent 
slopes) (Lx).~-This soil has the characteristics described for the Lua- 
Iualei series, but has many stones and boulders on the surface and 
throughout the profile. It is stony beyond the limits of machine culti- 
vation. Some areas could be cleared of stones and cultivated but in 
most areas the poor physical condition of the soil would not justify the 
cost. 

This soil occurs in the same localities on the islands of Oahu and 
Kauai as does Lualualei clay, phases undifferentiated. —Practicalty 
none of it is cropped. Most of it is used for grazing. The vegetation 
consists of dryland shrubs and annual grasses. Koahaole and algaroba 
are the principal shrubs, though lantana is prominent in some places. 
The grasses—principally piligrass, bristly foxtail, and the finger- 
grasses—produce a very small amount of forage after rains, mainly 
during the winter months. The soil becomes dry quickly after the 
rains stop, and growth of grasses stops. Much of the forage is de- 
rived from the shrubs, particularly from the fruit of the algaroba. 
Although its carrying capacity is low, the forage this unit produces 
is of high quality. 


KOKOKAHI SERIES 


The Kokokahi series consists of extremely sticky plastic soils that 
have a high content of exchangeable magnesium. They are derived 
from alluvium deposited on talus slopes and adjacent more nearly 
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level land of the coastal plains or alluvial flats. They oceur on the 
islands of Molokai and Oahu at elevations less than 200 feet above sea 
level, receive an annual precipitation of 10 to 40 inches, and are in 
vegetation zones A and B. 

Modal profile of the Kokokahi series: 

A; 0 to 5 inches, very dark-gray clay; massive; extremely hard when dry; 
but very plastic when wet; pH 7.0 to 8.0; roots present. 

B 5 to 86 inches, dark olive-gray clay (medium gray when wet); massive; 
extremely hard when dry; and very plastic when wet; pH 7.0 to 8.0; 
material feels soapy when wet; very few roots are present (this could be 
considered part of the Ay). 

C 36 inches+, dark yellowish-brown to dark olive-gray clay, less plastic 
and sticky than the material above; weak medium blocky structure in 
place; pH 6.5 to 8.0; gypsum crystals are commonly present; includes 
some gravel and stone fragments; alluvium. 

These soils are essentially structureless. Even the surface layer 
is massive in most places. When the surface is dry, it may have & very 
thin layer of hard, angular crumbs or granules on the top, but this 1s 
rarely more than a fraction of an inch thick. When it dries the soil 
cracks into huge blocks a foot or more across. When it is wet, no 
evidence of these blocks remains. The lower lying layers are rarely 
as completely desiccated as is the surface layer. The surface blocks 
may be pried out with a shovel, and the dark olive-gray, massive, 
soapy, sticky, plastic clay beneath it is thus exposed. Most roots 
penetrate only the surface 6 or 8 inches, but roots of shrubs may reach 
well into the B horizon. 


Kokokahi clay, phases undifferentiated (0 to 20 percent slopes) 
(Kxv).—This soil occurs on the islands of Molokai and Oahu. The 
profile, and its variations, has been described under the name of the 
series. The unit may have a few loose stones on the surface or in the 
soil mass. 

None of this unit is cropped; most of it is used for pasture. In 
most places it supports a good stand of algaroba growing in association 
with annual grasses and some shrubs. Because the soil occurs near the 
seashore, the stands of algaroba are commonly heavier than on the 
adjacent slopes, and the fruit provides moderate amounts of feed 
when the pods are dropped. On the island of Molokai the algaroba 
also provides excellent “bee pasture." During the winter months 
some forage is provided by the annual grasses that sprmg up after 
rains. These shallow-rooted plants dry up quickly after the rains 
stop, however, and furnish a small amount of forage. The carrying 
capacity of this soil is low, and the growth highly seasonal, but the 
forage is of exceptionally high quality. In some places koahaole has 
been introduced on this soil and provides a fair amount of feed. This 
soil is probably more productive of forage than soils of the uplands 
in the same climatic zone. 


Kokokahi very stony clay, phases undifferentiated (5 to 20 percent 
slopes) (Kxv).—This soil occurs mainly on talus slopes; large amounts 
of stones and boulders have accumulated on the surface and in the 
soil mass. Except for stoniness, the soil profile is similar to that 
described for the Kokokahi series. 

This soil is stony beyond the limits of cultivation, and its extremely 
poor physical properties make clearing of the stones too expensive in 
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relation to the returns that could be expected. Most of the land is 
used for pasture. On the lower parts of its slopes, the stand of 
algaroba is almost as good as on Kokokahi clay, but on its higher 
slopes lantana dominates. In some places Bermudagrass occurs in 
association with the lantana. 


The stoniness of this soil makes control of lantana extremely 
difficult, and it has taken over rather large areas. "These lantana- 
infested areas have very low grazing value. The forage on this 
soil is of good quality, but its carrying capacity is probably con- 
siderably less than that on Kokokahi clay, phases undifferentiated. 


NONOPAHU SERIES 


The Nonopahu series is made up of sticky plastic soils derived 
from basalt. 'They oecur on the island of Kauai, in intimate asso- 
ciation with soils of the Molokai series of the Low Humic Latosol 
group. They occur at elevations ranging from sea level to 250 feet, 
receive 20 to 30 inches of precipitation per year, and are entirely 
within vegetation zone B. 

The reason for the differences between the areas of Nonopahu clay 
and Molokai silty clay cannot be determined by examination in the 
field. The two occur in very intimate association, and in many 
places the boundary between them is extremely sharp. Both are 
derived from basalts, and it does not seem possible that differences 
in composition of the basalt could, by themselves, account for the 
differences in the soils. It was noted, however, that the basalts 
that underlie the Nonopahu soils are generally relatively high in 
phenocrysts of olivine. The following profile description will show 
how strikingly the Nonopahu soils differ from the friable red clays 
of the Molokai series with which they are associated. 

Modal profile of the Nonopahu series: 

A, 0 to 9 inches, dark grayish-brown clay; weak medium granular struc- 
ture; friable when moist and plastic when wet; pH 7.0 to 8.0; roots 

resent. 

B, b to 2i inches, dark yellowish-brown to dark olive-gray clay; strong 
medium blocky structure; hard when dry, very firm when moist, and 
plastic when wet; pH 7.0 to 7.5; roots present. 

B» 21 to 40 inches, grayish-brown clay mottled with yellowish brown; 
massive; very hard when dry and very plastie when wet; pH 7.0 to 7.5; 
few or no roots present. 

C 40 inches ++, clay similar to that of B» horizon but contains weathered 
rock fragments; grades to an olivine basalt at depths greater than 
42 inches. 

Areas of Nonopahu soil large enough to delineate as a unit have 
been mapped as Nonopahu clay. In some places, however, this soil 
occurs in areas so small and intimately associated with soils of the 
Molokai series that it was impossible to separate the two at the 
scale of mapping. These areas have been mapped as Nonopahu 
clay—Molokai silty clay complex. 


Nonopahu clay (0 to 5 percent slopes) (Ns).—The relief of this soil 
is generally moderately uniform. Most areas have some loose stones 
on the surface and throughout the soil mass, but stoniness is not so 
great that machinery cannot be used. The soil profile is that de- 
scribed for the Nonopahu series. 
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This soil is used for irrigated sugarcane and pasture. Cane yields 
are definitely less than on the Molokai soils. The clay causes poor 
penetration of water and restricts rooting of the cane plants. It is 
difficult to provide water for the cane in regularly adequate amounts. 

Data were not obtained on the fertility requirements of this soil; 
but, on the basis of information obtained for other soils of this family, 
it is probable that the soil is relatively well supplied with phosphorus 
and extremely deficient in potassium, This would be in striking 
contrast to conditions on the associated Molokai soils. 

Where this soil is pastured, it produces good quality forage of 
low carrying capacity. Production is ae seasonal, Algaroba 
occurs to some extent on this soil but is not so thrifty and profusely 
fruiting as on soils of the Lualualei and Kokokahi series. Pili is 
dominant among the grasses in most places; it acts as an annual on 
this soil. Natal redtop occurs in a few places, and annuals such as 
bristly foxtail, swollen fingergrass, feather fingergrass, and hairy 
sandbur are important. On this soil grasses furnish more forage, 
and algaroba less, than on members of the Lualualei family derived 
from alluvium. Lantana is a particularly obnoxious pest in this 
vegetation zone, but on this soil it can be controlled by machinery. 


Nonopahu clay —Molokai silty clay complex (0 to 8 percent slopes) 
(Nr).—This complex occurs on the island of Kauai in the same locali- 
ties as Nonopahu clay. It consists of an intimate mixture of small 
areas of Nonopahu clay and Molokai silty clay. In most places there 
is a moderate amount of loose stones on the surface. In a few places 
the soils are so stony that the use of machinery is extremely difficult or 
almost impossible. These exceptionally stony areas are inclusions. 
The soil profile of Nonopahu clay is described under the series. 
Molokai silty clay is described among soils of the Molokai family (see 
page 214). 

This complex is used for irrigated sugarcane and pasture. Because 
this is a complex made up of extremely contrasting soils, the problems 
of management are great. Distribution of water is much easier on the 
Molokai soil, for it absorbs water well and holds it available to plants. 
In contrast, the Nonopahu clay absorbs water slowly, allows only shal- 
low rooting of plants, and therefore limits growth much more quickly 
than the Molokai silty clay. 

The Molokai soil generally is deficient in phosphorus but moderately 
well supplied with potassium; whereas the Nonopahu soil probably 
has a moderately good supply of phosphorus but is deficient in potas- 
sium. No data on crop yields for this complex were available. 

Where this complex is pastured, most of the forage is derived from 
piligrass and numerous annuals. Algaroba occurs in places, but is not 
exceptionally abundant and does not fruit so profusely as on soils of 
the coastal plain. Forage production is highly seasonal, and the carry- 
ing capacity is relatively low. The forage is of high quality for fatten- 
ing cattle. Lantana is a particularly noxious shrub throughout this 
vegetation zone, and in places it tends to dominate all other vegeta- 
tion. This complex is adapted to use of machinery for eradicating and 
controlling such shrubs. 
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PAPAA SERIES 


The Papaa series is represented by one mapping unit. The soil is 
derived from basalt and has the physical properties of the Nonopahu 
series, except it is mainly reddish brown in the surface 12 inches. The 
soil occurs on the island of Kauai at altitudes of less than 200 feet where 
the annual precipitation ranges from 20 to 40 inches. It is entirely in 
vegetation zone B as defined in the section on Soils and Vegetation. 
For the most part, this soil occurs as a narrow band between zonal soils 
of the Humic Latosol group and Alluvial soils of the lowlands, or soils 
of the Kokokahi series. In some places where it joins the Kokokahi 
series, this soil appears to be partly derived from alluvium, The Papaa 
soil is quite variable within short distances, but the following 1s a 
common profile. 

Modal profile of the Papaa series: 

Aj Oto 4 inches, dark reddish-brown clay; strong medium blocky structure; 
hard when dry and very plastic when wet; pH 6.0 to 7.5; roots numerous. 

Bi 4to 12 inehes, reddish-brown clay mottled with pale gray; massive; very 
hard when dry and very plastie when wet; pH. 6.0 to 7.5; few roots are 
resent. 

Be "o ta 30 inches, mottled gray and red clay; massive; extremely hard 
when dry and very plastic when wet; pH 6.0 to 7.5; few or no roots 
resent. 

[9] 30 Sabes +, sticky, plastie, mottled red, brown, and gray clay enclosing 
soft weathered rock fragments; grades to basalt bedrock at depths rang- 
ing from 2 to 10 feet. 


Colors range from red to grayish brown. The soil is almost invari- 
ably sticky and plastic when wet, but the degree of plasticity varies 
from place to place. In most places this soil approaches soils of the 
Kokokahi series in plasticity; it grades, however, into zonal soils of 
the uplands. 


Papaa clay, phases undifferentiated (5 to 25 percent slopes) (Py).— 
Essentially all of this mapping unit is pastured or lies idle. In most 
places it is at least moderately stony, and this combined with its 
extreme stickiness and plasticity, makes it very poor for crops. The 
unit covers a small acreage and is not important agriculturally. 

The vegetation in most places is of the lowland-shrub type, and 
it normally provides a good plant cover. Lantana is particularly 
vigorous, and in some places so completely dominates that few other 
plants can grow. Koahaole is a common shrub in the area, and in 
some places it has competed successfully with lantana. Bermudagrass 
occurs to some extent; piligrass and annuals are also prominent. 

In most pastured areas the carrying capacity is greatly reduced by 
growths of lantana. It appears that koahaole may be one of the best 
pasture plants, as it competes with lantana and provides fair amounts 
of forage. At present most areas have a low carrying capacity but 
produce forage of high quality. 


MAKALAPA SERIES 


The Makalapa series consists of heavy-textured and at least moder- 
ately sticky and plastic soils derived from volcanic tuff. In some 
places moderate amounts of alluvial material are included. The soils 
are generally not quite so sticky and plastic as most other soils of the 
Lualualei family. Nevertheless, they have most of the properties of 
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stickiness, plasticity, and dark color associated with soils of the Dark 
Magnesium Clays group. 

The soils are confined to the island of Oahu; they appear near Salt 
Lake Crater and on the Mokapu Peninsula near Ulupau Head. The 
soils are at elevations of less than 500 feet, receive 30 to 40 inches of 
precipitation a year, and are entirely in vegetation zone B. 

Modal profile of the Makalapa series: 

A; O0 to 8 inches, dark grayish-brown clay; moderately developed medium 
blocky structure; hard when dry and plastic when wet; pH 6.5 to 7.5; 
roots numerous. 

B 8 to 24 inches, mottled gray, olive, and yellowish-brown clay; weak 
medium blocky structure; hard when dry and very plastic when wet; 
pH 6.5 to 7.5; few roots present. 

C 24 inches +, gray and olive-brown weathered volcanic tuff forming a 
somewhat gritty clay; friable to firm when moist and moderately sticky 
when wet; grades to unweathered tuff. 

The principal variations are in texture and in depth to the under- 
lying tuffaceous material. The three soil types in this series are 
described in the following pages. 


Makalapa clay loam, slopes undifferentiated (0 to 5 percent slopes) 
(Mp).—This unit occupies a small area on the slopes of Ulupau Head 
on Mokapu Peninsula on Oahu. It differs from the description given 
for the Makalapa series in being considerably more friable throughout 
the profile. 'lhe surface 6 or 8 inches is & clay loam or silty clay 
that is dark grayish-brown to almost black when moist. This layer 
has a coarse blocky structure that is easily broken to a soft crumb, 
From a depth of 8 to about 30 inches, the color fades to dark grayish 
brown weakly mottled with gray. This part of the profile has a 
weakly prismatic structure and is less easily friable than the horizon 
above, but generally more friable than the similar horizon in Makalapa 
clay. Below 30 or 40 inches, the color is definitely grayish, the 
structure is coarsely blocky, and the consistence is hard when dry and 
plastic when wet. 

At the time the area was surveyed, most of the unit was used for 
pasture. The vegetation consisted of algaroba, ilima, and annual 
grasses. At that time most of the area was being cleared of algaroba, 
and one operator was producing watermelons on a small plot of land. 
He reported mediocre success with watermelons after the first year 
of cultivation. This unit probably would produce the greatest 
amount of forage in the form of algaroba fruit. 


Makalapa clay, slopes undifferentiated (0 to 15 percent slopes) 
(Mn).—This unit occurs near Salt Lake Crater on the island of Oahu. 
Its profile is that given for the Makalapa series. 

Practically all of this unit was once used for sugarcane, but it has 
been retired from that use. Cane was grown by irrigating, and the 
crop did well in spite of the somewhat sticky, plastic character of the 
soils. Data on crop yields, however, were not obtained. 

Since retirement of the area from cultivation, a large part of it 
has been leveled or excavated, and other parts have been developed 
for urban uses. The normal vegetation for the area would consist 
of an algaroba-annual grass association typical of that in low-lying 
parts of vegetation zone B. Unused areas are commonly infested 
with lantana. 
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Makalapa clay, very shallow phase (3 to 25 percent slopes) (Mo).— 
This soil is similar to the Makalapa clay but has less than 12 inches of 
soil over volcanic tuff. At the time the area was surveyed, much of it 
was used for sugarcane, apparently with fair success. All of it has 
been retired from that use. Normally, in this zone, it would support 
a cover of lantana, grasses, and some algaroba. Most of it, however, 
is now used for urban developments. 


SOLONCHAK AND SOLONETZ 


Soils of the Solonchak and Solonetz groups are strongly influenced 
by salt, the Solonetz in times past, and the Solonchak at present. 
The Solonchak has been mapped as one unit called “Salty soils, 
undifferentiated.” The Solonetz—restricted to a very small area in 
the Kau section of the island of Hawaii—has been mapped as Kulani 
clay. 


Salty soils, undifferentiated (0 to 1 percent slopes) (S4).—This unit 
is mapped on coastal flats on the islands of Lanai, Maui, Molokai, and 
Oahu where salts from sea water have completely saturated the alluvial 
material The soils consist of gray, brown, or red clays that have 
been completely flocculated by a high concentration of soluble salts. 
They are fluffy and light in weight and have no consistent sequence of 
genetic horizons. They are either barren salt flats or, near the upper 
altitude limits, are covered with saltbush and other salt-loving plants. 


Kulani clay (0 to 5 percent slopes) (Kx6).— This soil occupies a very 
small area in the Kau section on the island of Hawaii at an altitude 
of about 500 feet. It receives 20 or 30 inches of precipitation annually 
and is in vegetation zone A. 

The surface 3 inches is dark-brown, loose, crumb-structured clay 
with a pH value near 8.0. From 3 to about 20 inches, there is dark- 
gray, hard, columnar clay with a pH value near 9.0. The caps of the 
columns may be absent. The columnar layer is underlain by yellowish- 
brown friable clay loam. In spite of the extensive areas of arid lands 
m Hawaii, this is the only example of Solonetz soil found on the 

slands. 


This small area is significant principally as a curiosity. It is used 
for grazing and supports a sparse cover of annual grasses and dryland 
shrubs. The soil produces a very small amount of forage, but that is 
of high quality for fattening cattle. 


ALLUVIAL SOILS 


Alluvial soils have very weakly to moderately developed A, horizons 
that overlie unaltered recent alluvium of variable character. These 
soils occur on all of the islands surveyed, mainly at low elevations but 
in places at altitudes as high as 8,000 feet. 


SOILS OF THE KAWAIHAPAI FAMILY 


Soils of the Kawaihapai family are Alluvial soils in dry regions. 
Rainfall ranges from 10 to 50 inches per year in most places, and under 
these conditions a low or only moderate amount of organic matter has 
accumulated in the topmost layer. Except for the accumulation of 
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organic matter in the surface layer, there is little or no genetic profile. 
The properties of the soil depend mainly on the kind of parent material 
from which it was derived. These soils were mapped on the islands 
of Hawaii, Kauai, Maui, Molokai, and Oahu. They were also found 
on the island of Lanai but were not differentiated lies because they 
covered a small area in a region surveyed in reconnaissance. 

For the most part, these soils occur at low elevations where the. 
gradient of streams is such that alluvium can be deposited. On the 
island of Hawaii, however, they do occur in the region of Reddish 
Prairie soils, or at higher elevations ranging up to 8,000 feet above sea 
level. Most of the area is in vegetation zones A and B, but on the 
island of Hawaii the soils occur also in vegetation zones C,, E;, and E». 
On Maui and Oahu they extend slightly into vegetation zone Cj. The 
relationships of these soils to other Alluvial soils and to other azonal 
Soils is given in table 17 in the section on Relationships Among Soils 
of Hawaii. Seven soil series —differentiated on the basis of parent 
material—are included in the family, and their relationships are shown 
in table 89. Because of extreme variability in thickness of various 
eas only average depths of horizons, not ranges, are given in 
table 89. 


USE AND MANAGEMENT 


Soils of the Kawaihapai family are important agriculturally. A 
large part of their acreage is used for sugarcane. The soils lie at low 
elevations where relatively broad aprons of alluvial material have been 
spread out near the mouths of streams that cut back into the uplands, 
or they occur as small alluvial areas in association with Low Humic 
Latosols. The cane is grown only in those places where irrigation 
water is available. Where irrigation water is not available in large 
quantities, the soils are used mainly for pasture, but locally for an ` 
appreciable amount of gardening. Ordinarily gardening is of the 
subsistence type, but in some places it is done on a commercial scale. 
The areas used for gardening are mainly in the narrower valleys. 

Where these soils are used for pasture, the forage produced is similar 
to that on associated upland areas, but almost always greater in 
amount. Because these soils oceur independently of climatic zones, 
where rainfall ranges from 10 to 60 inches per year, little can be said 
about the vegetation for the family as a whole. In the driest sections, 
it is these soils that have the best stands of algaroba, for the trees are 
able to reach subsurface water. At the higher elevations in the Red- 
dish Prairie region, more water is concentrated on these soils than on 
those adjacent, and the pastures are commonly the best in the area. 

These soils are commonly more fertile than the zonal soils with 
which they are associated. They are, for the most part, well supplied 
with bases. The pH values almost invariably are greater than 6.0, 
and in many of the soils are above 7.0. Most of the soils contain 
relatively large amounts of unweathered primary minerals which con- 
tribute to their fertility. Generally these soils are well supplied with 
calcium and potassium, but they may be quite variable in available 
phosphorus within any given area. Except for those soils in the 
Reddish Prairie region, soils of this family are generally not high in 
total organic matter and total nitrogen but are usually better supplied 
with these than adjacent zonal soils. 
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Taste 89.—Key, modal Profile, and environment 


Modal profile 


Horizon Color (dry) 
Key Series m = i a 


Aver- 
Letter 
symbol depth Name Munsell 


A. Derived from alluvium washed 
from humid regions: 


Inches 
1. Very young alluvium . A 8 D RUE ESQ IR 5 YR 3/2-3/3----- 
a. Deep deposits----~--------- Kawaihapat...) c; 8-30 | Brown osu T5YRA42-52... 
Ca 30+| Alluvium of various textures... " 
Ar 0-8 Dark reddish 5YR3/2-3/3..... 
b. Shallow or moderately d | 2-.. 
deep over coral sand... Mokuleia.....|| €! 8-15 | Brown........—. | T.5YR 4/2-4/4. 
| Ci 15-24 | Brown silt loam mixed with white 
D 244-| White coral sand. 
At 0-8 | Very dark gray-- 
2. Older alluvium. ._.----.---.-- Tae sass 
Oy 8-504-| Dark gray to 
reddish 
brown, 


B. Derived from alluvium washed f 
from arid and subhumid | 


regions: 

1. Young alluvium of general At rs ee ee 
origin from weathering |}Pulehu_....-.- Ci | 830 | Brown... T5 Y RAfA-S/A...| 
roek and soils. Cy 304-| Alluvium of various textures. ......| 

2. Young alluvium of local ori- Al 272 Dart redeh DY IEA 
gin from adjacent soils of /;Mala....----.- Ci | 230 | Reddish brown_ | 5 YR 4/3-4/4----- 
arid regions. Ca 30+| A continuation of material similar 


ES 0-12 | Grayish brown..| 10 YR 4/2-4/3. 


3. Young alluvium from [9] 12+) Alternate layers of fine medium, 
weathering voleanie ash. }Kamakoa___.. lations of voleanie ash; locally, 
ayers. 


4. Young alluvium from un- 
weathered volcanic ash |;Keekee._.._.-. 
and cinders. 


2+] Grayish brown to dark grayish- 
unweathered volcanic ash; locally 


| Ar 0-2 | Grayish brown..| 10 Y R 4/24/83... 


*Clay loam material of this horizon may overlie older alluvium similar to that giving rise to Wailuku soils. 


Stoniness is the principal factor that limits use for mechanized 
agriculture. In table 90 the soils are grouped according to suitability 
for machinery. 

KAWAIHAPAI SERIES 


In the Kawaihapai series are brown or reddish-brown soils derived 
from very young deep alluvium washed from humid regions. The 
parent material consists of unweathered primary minerals cut from 
the bedrock in humid regions and mixed with the weathered clays 
typical of the Humic Latosols. The soils occur on the islands of 
Kauai, Maui, Molokai, Oahu, and Lanai at altitudes of less than 
500 feet. Most areas receive 20 to 50 inches of rainfall annually, but 
some on the island of Molokai get only 10 inches per year. The soils 
occur mainly in vegetation zones A and D but on the islands of Maui 
and Oahu extend slightly into vegetation zone Cy. 

The soils have a dark reddish-brown A, horizon about 8 inches thick. 
This layer has a moderately well developed crumb structure and is 
usually very friable. The pH values range from 6.0 to 7.0. This Ay 
overlies 20 to 30 inches of brown material similar in texture and struo- 


ALLUVIAL SOILS 580 


of soil series of the Kawaihapat family 


| Modal profile (continued) | Environment 

I | 

| " Annu- Vege- 

Texture Structure gcn ct pH | Island |alrain- | Elevation | tation 

| fall zone 

| Inches Feet 
Silt loam. --------| Moderate fine Kauai...) 30-40 0- 400 | A, B. 
Maui..| 30-60 | 0-50 | B,C 


Oahu . ; 10-50 0 500 | A,B,Ci 


and coarse sand, and some gravel; alluvium from acenmu- 
Cac Os locally cemented with lime; ineludes some silty 


Moderate fine 
| crumb. 
Iesus dO EE EA Weak medium Kauai_..| 15-40 0- 50 A,B. 
| blocky. Oahu...| 10-40 Q- 50 A, B. 
coralsand.. .......- — 
Clay loam Moderate medi- | 
| Maui. .| 20-40 100-500 | B 
Say Aeres i 
Moderatefine — |... do. sss ]o 6-7. 5 | 
| crumb. Maui... 10-20 0- 500 | A. 
E NE S MR mca -A E 6.5-7. 5 [Onhu....| 10-30 0- 300 | A, B. 
“| Moderate fine | Very friable- .... 6. | | 
crumb. Maui ., 10-20 0- 250 | A. 
sed Dn PREISE i| 10-20 0- 280 | A. 
to C; but locally salty near sea level. ._.---------....- | 
Sandy loam.......| Weak medium Very friable | 
crumb, Hawaii. 20-40 {1,000-5,000 | B, Ci. 
IE 
| 


Loamy sand...... Singlegrain..... Loose. ..........16. 5-7. b 
brown fine sand to loamy medium sand alluvium from | Hawaii.| 20-30 |5, 500-8, 000 | Ej E1. 


contains strata of cinders: 
i 


ture. Itis also very friable and has a pH range of 6.0 to 7.0. Below 
30 or 40 inches occur various strata of alluvium, generally gravelly 
but ranging widely in texture. A generalized profile description of 
the series is given in table 89 for the silt loam type. 


Kawaihapai loam and sandy loam (0 to 3 percent slopes) (K2v).— 
These soils occur on Lanai, mainly near the mouths of streams that 
dissect the uplands. It is in these places that the coarsest materials 
are dropped by the streams, so these soils are generally coarse-textured. 
Textures are variable throughout the area; they range from loam to a 
sandy loam. 

These soils oceur mainly outside the areas that are cultivated. 
They hold moisture poorly, but they are loose and open, and algaroba 
roots deeply in the substratum where it can acquire moisture. Asa 
result, stands of algaroba are usually dense and produce fairly heavy 
yields of pods, which are valued as forage for cattle. These soils 
cover a limited acreage and are relatively unimportant agriculturally. 
Even where they occur in irrigated regions, they are not exception- 
ally good, because they have a low water-holding capacity. 
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Tasty 90.—Suitability and physical limitations of Alluvial soils for mechanized agriculture 


Soins WELL SUITED TO MECHANIZED AGRICULTURE 


i j 
3 * à " : 1 Depth to "m E "T - 
Soil family and mapping unit Slope Erosion m Loose stones bedrock | Principal physical limitations 
| = 
Kawaihapai and Hanalei families, nonstony | | | 
Soils: Percent | | 
Kawaihapai loam and sandy loam........... 0-3; sdl Occasional stones. 
Kawaihapai silt loam_--...-.-.-..---.-.---- 0- 3 Do. 
Kawaihapai clay loam_._-_..-.-.-...---.----| 0-8 Do. 
Kawaihapai silty clay... m 0- 3 Do. 
Mokuleia loam and fine sandy loam. -2 0-2; None. 
Mokuleia silt loam__..--.----------- eco 0- 2 Do. 
Mokuleia clay loam__.-...-.- ------------ 0- 2 | Do. 
Mokuleia clay. ......... m 0-2 _ Moderately sticky and plastic. 
Pulehu sandy loam_____-__----_..---.----.- 0- 3 ; Occasional stones. 
Pulehu loam and silt loam- ------------ 0-31. | Do. 
Pulehu clay loam. 22... csse cesi wenn 0- 3 : Do. 
lu UE oA. C wowed ene 0-3! Do. 
Mala silty clay. .... —M— esse a se. 0-3]. ..| None. 
Hanalei silt oam... ...... A ees hE et Et 0- 3 | | Oceasional stones. 
Hanalei cindery silt loam. rae LE cuum 0- 3 |... i | Do. 
Hanalei clay 1oam....... n 0- 2 | : j ; Very deep__| Do. 
Uaoa silty clay loam_.-_....---.-2-.-.-.---- 0- 8 E ARE |... do. -|--.do.......] None. 
| 


XO. ATAUNS TIOS 
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Sots MODERATELY WELL SUITED TO MECHANIZED AGRICULTURE 


| 
Kawaihapai and Hanalei families, shallow or | | p | 
moderately stony soils: | ol 
Mokuleia clay, shallow phase-.......... ' 0-2, None Q | Shallow over coral. 
Tao clay loam, gently sloping phase......... 1- 8 i Moderately stony. 
Tao silty clay, gently sloping phase.........- 1- 8 | | Do. 
Pulehu cobbly loam----------------------- 0- 5 __| Cobbly. 
Pulehu stony loam...-.... ugue 2-2 0-65 | Loose stones. 
Pulehu gravelly clay loam------------------ | Oo 8 Gravelly. 
Pulehu stony clay Joam.___--....--..--.---' Q- 5 [...do..... ENS o nun ' Loose stones. 
Kamakoa sandy loam and loam.__.---- -----| O08 8L --do.c. ..' Moderate... . do....... Do. 
Keekee loamy sand------------- _....--..} 9-10 | Moderate...j...do..........- do... ..| Do. 
Hanalei silt Yoam, shallow phase.......... | Q 5 | None-......—...do....... | Q) Shallow over lava 
Sors Very Poorty SUITED OR Unsurrep TO MECHANIZED AGRICULTURE 
Kawaihapai and Hanalei families, very shallow | | 
or very stony soils: | | ‘ 
Kawaihapai very stony loam_--....-------- 0- 5 | None......| Very stony.| Very deep..| Very stony. 
Kawaihapai very stony clay loàam........... |j 0-5 |---do...... Do. 
Pulehu very stony loam and clay loam....... 0- 8 sasdOcisolue j Do. 
Kamakoa very stony loam- ---------------- 0- 8 y e shi do....... Do. 
Keekee stony loamy sand____.-..-----~---- 3-10 (3) Stony and shallow over lava. 
Hanalei silt loam, very shallow phase. ....... 3-10 (9 Very stony. 
Hanalei very stony loam and clay loam..... 0-5, Very deep.. Do. 
| 


STLOS 'IVIAQ'T'IV 


i 20 to 80 inches or more. 
? 12 to 20 inches. 

3 6 to 40 inches or more. 

* 0 to 12 inches. 
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Kawaihapai silt loam (0 to 3 percent slopes) (K2w)—This very 
good silt loam soil is confined to the island of Oahu, mainly to the 
Waialua section. The profile is described in table 89. 

This is probably the best soil of the Kawaihapai series for sugar- 
cane. It has good water-holding capacity, is nearly level, and has 
very few loose stones on the surface or in the upper 30 inches. It is 
easy to cultivate, easy to irrigate, and occurs where intensity and 
duration of sunlight are high. It is among the most fertile soils in 
the area in which it occurs. Available potassium and phosphorus 
are generally higher than they are in adjacent soils of the uplands. 
Costs of cane production are low. 

Where this soil occurs in unirrigated areas, it is used mainly for 
pasture. It supports a good stand of algaroba and associated annual 
grasses. The algaroba is vigorous, and the crop of pods is usually 
large. The carrying capacity is generally higher than that on La- 
haina soils of the uplands, but growth of forage is seasonal. Water 
is the principal limiting factor on this soil. 


Kawaihapai clay loam (0 to 3 percent slopes) (K2u).—This soil is 
probably the most extensive of the Kawaihapai series. It differs 
from the silt loam primarily in having a heavier texture to a depth of 
30 or more inches. It occurs on the islands of Maui, Oahu, and Kauai. 
The soil profile is similar to that described for the Kawaihapai silt 
loam type in table 89, except the textures are clay loam instead of 
silt loam throughout the upper 30 inches. 

This is an excellent soil for irrigated sugarcane. It is nearly level, 
is almost free of loose surface stones, and holds water well. This 
soil probably uses less irrigation water than the silt loam type. It is 
somewhat more difficult to work because it is moderately sticky and 
plastic, but is excellent for mechanized agriculture. It occurs where 
the intensity and duration of sunlight are relatively high. 

Various kinds of vegetable crops and fruits are grown on this soil 
in the small valleys and in other places where abundant irrigation 
water is not available. Production normally appears to be good; 
amount of water available is the principal factor limiting yields. 
Bananas are grown in some areas, and apparently they are able to 
tap reserves of water in the substratum. 

Where this soil is used for grazing, it supports a good stand of 
algaroba and associated annual grasses. Its carrying capacity is not 
high, but generally superior to that of soils of the uplands with which 
it is associated. Algaroba appears to be able to tap underlying strata 
of water, as it makes vigorous growth and fruits liberally. Pasture 
growth is highly seasonal, but the total amount of forage produced is 
significantly greater than on soils of the Lahaina family. 


Kawaihapai silty clay (0 to 3 percent slopes) (K2x).—This nearly 
level soil is the finest-textured and most sticky and plastic member 
of the Kawaihapai series. It occurs on the islands of Oahu and Kauai. 
The soil profile resembles that described in table 89 for the silt loam 
type, except the textures are silty clays or clays throughout the upper 
30 inches. The soil is moderately plastic and sticky when wet, but 
friable when dry. 

This is a good soil for sugarcane. It is slightly more difficult to 
work than the silt loam; cultivation must be done when the soil is 
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at the proper moisture content. This soil is also somewhat more 
difficult to irrigate than the clay loam type. Nevertheless, it is a 
high-quality soil for cane production. 

In the small valleys or where irrigation water is limited, this soil 
is used for pasture, or in a few places for vegetable crops or bananas, 
both of which do well. In some places tall forage grasses produce large 
amounts of forage. Jn most pastured areas, however, algaroba and 
annual grasses dominate. The productivity for pasture is considerably 
higher than that for soils of the Lahaina family, which occur in a 
similar climatic region. 


Kawaihapai very stony loam (0 to 5 percent slopes) (K2z).—This 
very stony soil occurs in narrow valleys near the coast of Lanai. Its 
texture is mainly very stony loam, but the range is from very stony 
sandy loam to very stony clay loam. A very large number of loose 
stones litter the surface and occur throughout the soil mass. The soil is 
stony beyond the limits of machine cultivation. AH of it is used for 
grazing. The cover of algaroba and annual grasses is comparable to 
that on the nonstony types of the Kawaihapai series. Generally the 
algaroba is vigorous and produces a high yield of pods. The total 
amount of forage on this soil is only moderate, however, and pro- 
duction is highly seasonal. 


Kawaihapai very stony clay loam (0 to 5 percent slopes) (K2v).— 
This moderately fine textured soil is found mainly in narrow valleys 
where loose stones litter the surface and are scattered throughout the 
profile. The soil is too stony for use of machinery. Its profile consists 
of brownish-gray very stony gravelly loam or clay loam. The A; 
horizon is thin, and numerous layers of medium sands and gravel 
occur at random depths throughout the profile. 

Except for a few small hand-cultivated gardens, all of this soil is 
used for grazing. Rock had to be removed before the gardens could 
be cultivated. Other areas could be cultivated by machinery if the 
surface rock were removed. 

The ground cover in pastures varies. Near the sea grows an asso- 
ciation of algaroba, piligrass, feather fingergrass, and bristly foxtail 
and some ilima; but in the wetter inland areas one finds lantana, 
guava, and paspalums. Even in the driest regions, this soil probably 
has a higher carrying capacity than upland soils in the same region 
primarily because the algaroba is more vigorous and more profusely 
fruiting. In some places koahaole forms dense stands. This soil 
should rank with the nonstony types of the Kawaihapai series in 


value for grazing. 
MOKULEIA SERIES 


In the Mokuleia series are soils of the dry regions derived from very 
young alluvium that is shallow or only moderately deep over coral 
sand. Generally some of the coral sand oceurs throughout the profile, 
but alluvium washed from soils and rocks in humid regions constitutes 
most of the material in the upper 15 or 20 inches. These soils occur 
on the islands of Kauai and Oahu at altitudes of less than 100 feet. 
They are almost entirely within vegetation zone A. The annual 
precipitation ranges from 10 to 40 inches. 

A typical profile of Mokuleia silt loam is described in table 89. 
The major variations within the series are in the depth to coral sand 
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and the texture of the overlying alluvium. Colors also range rather 
widely; in some places they are definitely grayish brown, and in 
others definitely reddish brown. These differences are associated with 
differences in the source of the alluvium, but it was not feasible to 
separate them on the soil map. Depth to coral sand ranges from 18 
to more than 40 inches. If coral sand was not found within a depth 
of 40 inches, the soil was mapped as a member of the Kawaihapai 
series. If the layer of alluvial material was less than 12 inches, and 
if the coral sand was thoroughly mixed with it, the soils were mapped 
as members of the Catano series of the Regosol group. 


Mokuleia loam and fine sandy loam (0 to 2 percent slopes) (M2w).— 
These soils have relatively low water-holding capacity. Generally 
there is about 8 inches of dark reddish-brown loam or fine sandy 
loam that contains a moderate amount of organic matter. Below 
this, coral sand is generally mixed with loam or fine sandy loam 
alluvium. White coral sand, unmixed with alluvium, generally lies 
below depths of 15 to 24 inches but in some places it may lie as deep 
as 40 inches. 

Relatively little of this mapping unit is cropped. In a few places 
watermelons are grown, and it may be used for cane where it joins 
other soils better suited to that crop. Most of it, however, occurs 
outside of cane-producing sections. Little is known of the fertility 
of this unit except that it must be unusually high in available calcium. 
Water is generally the limiting factor. In areas used for pasture, 
algaroba fruits profusely and may form dense thickets. Algaroba 
fruit is the principal forage, although annual grasses provide some 
feed after rains during the winter. Ranchers consider this unit 
valuable primarily for the algaroba fruit. 


Mokuleia silt loam (0 to 2 percent slopes) (M2x).—This is à young 
Alluvial soil that overlies coral sand at depths ranging from 12 to 30 
inches. It differs from Mokuleia loam and fine sandy loam in having 
a silt loam texture in the upper 12 to 20 inches. A typical profile is 
described in table 89. Commonly some coral sand is mixed with the 
alluvial materials throughout the solum, and this sand generally 
constitutes a moderate to high proportion of the material below a 
depth of 12 inches. In some places, however, there is an included 
Alluvial soil similar to Kawaihapai silt loam that may be relatively 
unmixed with coral sand to a depth of 2 feet. 


Most of Mokuleia silt loam is used for pasture. Cane is produced 
in a limited area. Vegetables are grown in a few places. When 
used for pasture, this soil commonly supports a heavy stand of 
algaroba and an associated growth of annual grasses and a few small 
shrubs. The grazing value depends mainly on the fruit of the algaroba 
trees. 

The soil has relatively low water-holding capacity and occurs in a 
region of very low rainfall. Algaroba roots deeply enough to tap 
the substratum reserves of water, but most plants do not have access 
to those supplies. Generally the soil is difficult to irrigate because 
the silt loam material is relatively shallow over the open, porous coral 
sands. Nevertheless, the soil is successfully irrigated for sugarcane 
in some places. 
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Mokuleia clay loam (0 to 2 percent slopes) (M2v).— This is probably 
the best soil of the Mokuleia series. It occurs mainly on the island 
of Oahu, but also in small areas on Kauai. Generally it has 12 to 
20 inches of clay loam alluvial material over white coral sand, and 
this layer provides a better water-holding capacity than is common for 
the lighter textured members of the series. The surface 8 inches is a 
moderately friable dark reddish-brown or grayish-brown clay loam of 
moderately developed crumb structure. This layer is usually speckled 
with coral sands. From a depth of 8 inches to 12 or 15 inches there 
is a brown or reddish-brown clay loam, which is lighter in color than 
the material above and more profusely speckled with coral sand. 
Below 15 inches and continuing to about 2 feet there generally is an 
almost half-and-half mixture of clay loam alluvium and coral sands. 
Below this, mainly at depths near 2 feet, lio white coral sands. 

Most of the soil is idle or used for grazing. In some places it is 
used successfully for irrigated cane. Yields are probably appreciably 
lower than those obtained on Kawaihapai soils. A few areas are 
used for small-scale vegetable growing. This soil is quite easy to 
work and well adapted to the use of machinery for cultivation and 
harvesting. Distribution of irrigation water is relatively easy. 

Pastured areas support algaroba and annual grasses. The algaroba 
contributes a major part of the forage, and the soil is considered 
valuable for grazing mainly because of the algaroba fruit. The 
forage is highly seasonal and limited in amount, but it is of high 
quality. 


Mokuleia clay (0 to 2 percent slopes) (M2T).—This is a sticky 
plastic soil derived from clayey recent alluvium that overlies coral 
sand at shallow or moderate depths. The 8- or 10-inch surface layer 
is a dark grayish-brown, plastic, sticky clay generally mixed with 
coral sand to some extent. The sand tempers the plasticity and 
stickiness of the clay. Next in profile is a layer in which coral sand 
and clayey alluvium are mixed in almost equal proportions. Below 
this is à white or bluish-gray coral sand at a depth mainly between 
15 and 30 inches. ‘This soil is confined to the island of Oahu. 

This soil is used for cane where water is available. No data were 
obtained as to fertilizer requirements or cane yields. Yields probably 
are somewhat legs than those obtained on Kawaihapai soils. Tt was 
noted that cane leaves on this soil were spotted with brown. In one 
area the coral sand was so near the surface that it was reached in 
plowing; growth in this sandy area was conspicuously less vigorous 
than where the depth of clay material over sand was greater. 

Those parts of the soil used for pasture support al aroba and 
annual grasses. The principal value of the area is for ihe algaroba 
fruit, as this tree makes a dense growth and fruits profusely. 


Mokuleia clay, shallow phase (0 to 2 percent slopes) (M2v).—This 
soil is similar to Mokuleia clay except that consolidated coral bedrock 
occurs at depths between 12 and 20 inches in most places. The 
alluvial material at the surface is generally more than 8 inches thick. 
Generally there is a layer of coral sand 2 to as much as 8 inches thick 
above the coral. This soil is used mainly for grazing and supports 
good stands of algaroba. It is probably somewhat inferior to Moku- 
leia clay as grazing land. 
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The Jao series consists of soils derived from alluvium somewhat 
older than that giving rise to the Kawaihapai series. The Lao soils 
are not old enough to have developed distinct genetic horizons other 
than a well developed A;. The series is confined to the island of 
Maui in the vicinity of Wailuku. It occurs at altitudes ranging from 
100 to 500 feet, receives 20 to 40 inches of precipitation annually, 
and is entirely within vegetation zone B. 

The soil profile consists of an A, horizon over relatively unaltered 
alluvium. The A, horizon—normally about 8 inches thick—is very 
dark gray and has a texture ranging from clay loam to clay. The 
A, is very friable and has a pH between 6.0 and 7.0. A dark-gray 
to reddish-brown clay loam alluvium underlies the A, horizon; it is 
similar to the A, in friability and pH. In a few places the A, overlies 
older alluvium such as that giving rise to the Wailuku soils. The 
variation in color of the material under the A, horizon apparently 
corresponds to a variation in age. The very recent alluvium is dark 
gray, but that approaching the Wailuku series in age is reddish brown. 
Effervescence with hydrogen peroxide is mild in these soils, as con- 
trasted to the violent effervescence in the older Wailuku soils with 
which they are associated. 


Iao clay loam, gently sloping phase (1 to 8 percent slopes) (Ia).— 
This is the lightest textured soil of the Iao series. It occurs on fanlike 
alluvial deposits near the mouths of valleys that have dissected 
West Maui. Moderate amounts of stones are on the surface and 
mixed with the soil material, but the soil can be cultivated by 
machinery with only moderate difficulty. The lower lying areas are 
less stony than those near the upper altitude limits for the soil. A 
description of the soil profile is given in table 89. 

This soil is used almost exclusively for irrigated cane. Rapid 
chemical tests indicate that the soil is moderate or high in replaceable 
potassium and exceptionally high in available phosphorus. Water 
relations are good, and the soil is easier to work than [ao silty clay, 
gently sloping phase. Generally this soil occurs where there is a 
moderate to large amount of sunlight, and productivity of cane is 
good. This soil is good caneland in spite of its moderate stoniness. 
Loose stones cause considerable difficulty, particularly in harvesting. 
The soil has good water-holding capacity, however, and is relatively 
easy to irrigate. 


lao silty clay, gently sloping phase (1 to 8 percent slopes) (I5).— 
This is the heavier textured of the two soils in the Iao series. It 
oceurs in the general vicinity of Wailuku, mainly on the higher parts 
of the alluvial fans at the mouths of the valleys that dissect West 
Maui. The soil is moderately sticky and plastic when wet, and 
selection of the right moisture content for cultivation must be done 
more earefully than for the Iao clay loam. Irrigation ditches are 
laid on the contour. The moderate amount of loose stones on the 
surface and within the soil mass causes some difficulty, but machinery 
can be used for eultivation. Stones cause the most trouble during 
harvest, as they are then picked up and carried to the mill with the 
cane. 
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This soil is used almost exclusively for irrigated sugarcane. Rapid 
chemical tests indicate it has a high content of replaceable potassium 
and an exceptionally high content of available phosphorus. It re- 
quires intensive fertilization with nitrogen. Water relationships are 
generally good, and sunlight is moderate to high. 


PULEHU SERIES 


The Pulehu series consists of very young soils derived from recent 
alluvium. The parent materials are a mixture of unweathered rock 
particles and the weathered materials typical of soils in dry regions. 
In this respect Pulehu soils differ from those of the Kawaihapai 
series, the materials for which come from wet regions. Pulehu soils 
occur on the islands of Maui and Oahu at altitudes less than 500 
feet; receive 10 to 30 inches of rainfall per year; and are mainly in 
vegetation zone A, but on Oahu extend slightly into vegetation zone B. 

The profile of Pulehu loam is given in table 89. Textures range 
from sandy loam to clay loam. In uncultivated areas there is à dark 
reddish-brown or grayish-brown À, horizon only 3 or 4 inches thick. 
This overlies brown alluvium of similar texture, which grades to 
poorly stratified, commonly gravelly, material at a depth of about 
30 inches. The pH values are mainly between 6.5 and 7.5 throughout 
the solum. The amount of clayey material varies with the propor- 
tion of alluvium derived from soils instesd of from the underlying 
bedroek. Differentiation among the units of this series was made 
primarily on the basis of texture. 


Pulehu sandy loam (0 to 3 percent slopes) (P2P)—-This very 
coarse-textured soil occurs near Kihei on the island of Maui. On 
Maui it is derived from material washed from the lower slopes of 
Haleakala, and on Oahu, from material washed from the Waianae 
Range. The dark-brown A, horizon is 4 or 5 inches of sandy loam 
or loamy sand, apparently moderately high in organic matter. This 
overlies various layers of gravel, cobbles, fine sandy loam, loamy fine 
sand or sand. These layers consist mainly of fragments of lava rock. 

This soil occurs where intermittent streams leave well-established 
channels and spread out over the lower lying land. On these areas 
the coarse-textured material is dropped farthest up the slope. This 
soil is too loose and open and too low in water-holding capacity to be 
irrigated. successfully. It supports a thick stand of algaroba, and 
some ilima and annual grass. The algaroba fruits heavily, and the 
soil is valued mainly for the forage this fruit provides. This soil is 
more productive of forage than are soils of the uplands in the same 
general vicinity. Its droughtiness precludes use of appreciable areas 
for cultivation. 


Pulehu loam and silt loam (0 to 3 percent slopes) (P2x).— This silty 
or loamy unit occurs on Maui and Oahu. The areas on Oahu are 
west of the Waianae Range. Little or no genetic development of soil 
horizons has taken place. The two textures occur in such intimate 
association that they could not be delineated separately at the scale 
of mapping. 

The soil profile of this unit is essentially that described in table 89. 
The soil is easily friable and generally has fair water-holding capacity. 
Below depths of 30 to 40 inches, it is commonly a grayish-brown very 
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fine sandy loam. Sandy material occasionally approaches the 
surface. Bars of gravelly material are common at random depths 
near stream courses. The land is generally almost free of stones; 
locally, small areas covered with stones or gravel occur near stream 
courses. 

Most of the area on the island of Maui is used for sugarcane under 
irrigation, and a considerable part of the area was at one time used for 
that crop on Weianae Plantation on Oahu. Rapid chemical data 
from the island of Maui indicate the soil to be high in replaceable 
potassium and exceptionally high in available phosphorus. Yields 
were reported to be slightly inferior to those obtained on the clay 
loam type of the same series, mainly because this unit requires more 
water for irrigation and the water supply south of Waikapu is limited 
in certain seasons. The cane frequently is damaged by lack of mois- 
ture in those places where sandy material approaches the surface. 

A considerable acreage of this unit on the island of Oahu is used for 
pasture. Algaroba and annual grasses and ilima are dominant. In 
most places the algaroba fruits profusely. Koahaole dominates in 
other areas. On some of the higher lying parts of this soil, lantana 
forms dense thickets that almost exclude other vegetation. Lantana 
is not so prevalent as on the stony types of the same series. 

This unit is well suited to use of machinery for eradicating or con- 
trolling the lantana. At the higher elevations piligrass is more promi- 
nent than at lower elevations. Generally the amount of forage pro- 
duced is moderately low, but the quality is very high. At the lower 
elevations algaroba fruit supplies most of the forage; at higher alti- 
tudes grasses are more important. Grazing is highly seasonal on 
this unit. 


Pulehu cobbly loam (0 to 5 percent slopes) (Pzx).— This unit is 
confined to the island of Maui and consists of areas in which stones 
about the size of a man’s fist litter the surface and occur throughout 
the soil mass. The texture of the fine material is a loam. The soil 
profile, except for the presence of loose cobbles, is similar to that 
described for Pulehu loam and silt loam. 

A small part of this soil is used for sugarcane under irrigation, but 
most of it has too low a water-holding capacity for that use and is in 
pasture. No data on cane yields were obtained, but they probably 
are considerably lower than on Pulehu loam and silt loam. If abun- 
dant irrigation water were available, yields on this soil might be quite 
similar to those on Pulehu loam and silt loam, but costs of production 
would be considerably higher on this soil. The cobbles interfere 
somewhat with cultivation and are particularly troublesome in har- 
vesting. In those areas that are used for pasture, algaroba probably 
contributes the greatest amount of forage. Algaroba commonly 
makes a dense growth and fruits profusely. Annual grasses provide 
some forage during the winter months. 


Pulehu stony loam (0 to 5 percent slopes) (P2r).— This soil is con- 
fined to the island of Maui. It is limited in extent and relatively 
unimportant to agriculture. It is similar to Pulehu loam and silt 
loam, but stones 6 inches or more in diameter litter the surface and 
occur throughout the soil mass. These stones interfere with but do 
nof prohibit the use of machinery. 
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The soil is used for cane, which probably produces about as much as 
it does on Pulehu loam and silt loam. This soil is much more difficult 
to cultivate, however, and harvesting is particularly hindered by the 
loose stones. This soil also requires more water for irrigation because 
its substratum is loose and open. If the supply of irrigation water is 
limited, productivity is appreciably reduced. Rapid chemical tests 
indicate that this soil is high in available phosphorus and replaceable 
potassium. It is very deficient in nitrogen. 


Pulehu clay loam (0 to 3 percent slopes) (P2H).—This is the best 
soil of the Pulehu series. It occurs on the island of Maui south of 
Kahului and Spreckelsville and on the island of Oahu west of the 
Waianae Range. In uncultivated areas the soil has an A, horizon 
about 3 or 4 inches thick that is dark reddish brown in color and clay 
loam in texture. This material is very friable. It is underlain by 
about 20 inches of equally friable brown clay loam. This brown 
layer grades to ill-defined strata of alluvium of various textures. 
Colors generally become lighter with depth. At the lower altitudes 
calcium carbonate occurs in most places at depths below 50 or 60 
inches, but near the upper altitude limits of the soil such accumula- 
tions were not observed. Moderate amounts of loose cobbles and 
stones occur on the surface and throughout the profile, but the soil 
can be cultivated by machinery with little difficulty. The nearly 
level relief makes distribution of irrigation water easy. 

Essentially all of the area on the island of Maui is used for irrigated 
sugarcane, Rapid chemical tests show that the soil is high in re- 
placeable potassium and exceptionally high in available phosphorus. 
It is considered to be ono of the most productive soils on the Wailuku 
and the Pioneer Plantations. 

Part of this soil on the island of Oahu was once used for cane, but 
most of it is now in pasture. Near the sea it supports thick stands of 
algaroba or koahaole and a sparse cover of annual grasses. At the 
higher elevations piligrass appears as a perennial, and in some places 
Bermudagrass is present. Lantana tends to invade the pastures. 
The forage is of high quality, but the carrying capacity is low. 


Pulehu gravelly clay loam (0 to 3 percent slopes) (P2m).—Except 
for gravel on the surface and throughout the profile, this soil is 
similar to Pulehu clay loam. The gravel moderately interferes with 
cultivation and is particularly troublesome in harvesting the cane. 

Most of the soil is used for cane. It is somewhat more droughty 
than Pulehu clay loam, and this with the limited water supply, leads 
to somewhat lower yields. At the time of survey a few areas had been 
abandoned because their water-holding capacity was exceptionally 
bw, Nevertheless, this soil is more productive than Pulehu cobbly 
oam. 

Tn areas of this soil not used for cane, algaroba generally forms a 
dense cover and fruits profusely. The soil is valued as grazing land 
primarily for the algaroba fruit, though annual grasses provide some 
forage during winter. 


Pulehu stony clay loam (0 to 5 percent slopes) (P2s).—The soil 
profile consists of 20 or 30 inches of stony and gravelly grayish-brown 
clay loam or silty clay over randomly arranged strata of sand, gravel, 
or fine material. In uncultivated areas there is a 3- or 4-inch surface 
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layer of reddish-brown or dark reddish-brown gravelly clay loam. 
The soil is moderately to very stony, but can be machine cultivated 
with difficulty. 

This unit is confined to the island of Maui, and at the time the area 
was surveyed all of it was used for sugarcane. Itis subject to the same 
conditions of sunlight as Pulehu clay loam, and generally has the same 
high plant-nutrient status. Yields were probably similar on the two, 
but this soil is more difficult to irrigate or cultivate. The stoniness of 
the soil especially interferes with harvesting of cane and increases the 
costs of production. This soil occurs on a somewhat greater range of 
slope than Pulehu clay loam and generally occupies the more strongly 
sloping alluvial fans nearer the mouths of valleys that dissect the 
uplands. 


Pulehu very stony loam and clay loam (0 to 8 percent slopes) 
(P2v).—These are the soils of the Pulehu series too stony for machine 
cultivation. They occur on the islands of Maui and Oahu, mainly 
where gulches and valleys that dissect the mountains open upon the 
more nearly level alluvial plain. The rate of stream flow decreases on 
reaching the plain, so during periods of high water the coarse material 
for these soils is deposited. The profile consists of a 3- or 4-inch 
dark reddish-brown or dark grayish-brown A, horizon over very stony 
brown or reddish-brown loam or clay loam. 

At the time the area was surveyed about two-fifths of this unit was 
used for irrigated cane that was produced by hand labor. Much of 
that area has been abandoned because labor costs have made the use 
of machinery imperative for economical production. 

On the more nearly level areas algaroba forms a dense stand and 
fruits profusely. On the higher parts of the alluvial fans algaroba is 
less abundant and koahaole is more common. Near the heads of 
valleys lantana frequently forms dense thickets that almost exclude 
other plants. Annual grasses are dominant on this soil but at the 
heads of valleys, Bermudagrass and piligrass act as perennials and 
may be prominent in the stand. The carrying capacity ranges widely 
according to the kinds of plants that make up the plant cover. 


Pulehu silty clay (0 to 3 percent slopes) (P2n).—The soil—the finest 
textured of the Pulehu series—occurs in association with other soils 
of the Pulehu series on the islands of Maui and Oahu. It ranges 
from silty clay to clay in texture. It occurs on nearly level areas and 
is mainly stone-free. On the island of Maui a few areas that are 
moderately gravelly or moderately stony have been included. 

The surface 3 or 4 inches in uncultivated areas is grayish-brown silty 
clay or clay that is friable when moist but moderately sticky and 
plastic when wet. This is underlain by brown or grayish-brown silty 
clay or clay of similar consistence. At depths of 30 or 40 inches some 
gravel commonly occurs in this material, but the heavy-textured 
alluvium may continue to great depths. 

On the island of Maui this soil is used for cane production, Rapid 
chemical tests indicate that it is high in replaceable potassium and 
available phosphorus. In some places nitrogen was the only fertilizer 
used. Productivity and fertilizer requirements are therefore similar 
to those for Pulehu clay loam. This soil, however, is more subject 
to puddling if cultivated when too wet and generally has a higher 
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water-holding capacity. Aside from being more sticky and plastic 
when wet, this soil is much like Pulehu clay loam, and is considered 
excellent for sugarcane. 

Part of the area on the island of Oahu was in sugarcane, but it was 
retired from that use when cane production west of the Waianae 
Range was abandoned. The vegetation in these abandoned areas is 
typical of that on low-lying land 1n vegetation zone A. Algaroba and 
annual grasses are prominent in most places, but koahaole forms 
dense stands in parts of the area, and lantana may be a serious pest 
near the upper altitude limits of the soil. In most areas algaroba fruit 
supplies most of the forage; during the winter annual grasses provide 
some feed after rains. 

MALA SERIES 


The Mala series is represented by a reddish-brown soil derived from 
recent alluvium that was washed from soils of the Low Humic Latosol 
roup. It occurs on the islands of Maui and Molokai at altitudes of 
ies than 250 feet, receives an annual precipitation of 10 to 20 inches, 
and is entirely in vegetation zone A. 

The soil profile is characterized by brown to reddish-brown or rusty- 
brown, easily friable, crumb-structured silty clay. There is no ap- 
parent differentiation into genetic horizons. Bars of sandy or gravelly 
material occur in the substratum to a limited extent. When dry, the 
soil material has the feel of a loamy medium sand, but when moistened, 
the aggregates break down into a material having the consistence of 
silty clay. In uncultivated areas the surface 2 inches is darker than 
the rest of the profile, apparently because it has a slight accumulation 
of organic matter. 

In some places near the beach the soil is underlain by coral sand at a 
depth of about 2 feet or 3 feet. The depth of the material over the 
coral sand increases as one goes toward the upland. At a distance of 
500 feet from a coral sand outcrop, the alluvial material may be so 
deep as to make examination of the underlying material impractical. 

At the lower boundary where the Mala soil grades into Solonchak, 
it is influenced to some extent by salts. The boundary between Mala 
soil and the Solonchak was drawn at the place where vegetation defi- 
nitely becomes halophytic. Effervescence with hydrogen peroxide is 
moderate to a depth of 30 inches. This is in striking contrast to the 
relative lack of effervesence in other Alluvial soils of this group that 
have parent materials derived mainly from unweathered rock. 


Mala silty clay (0 to 3 percent slopes) (Mw).—On the island of 
Maui the soil is partly idle and partly used for irrigated cane. No 
data on fertility requirements were obtained but they should be com- 
parable to those for Molokai soils. Cane yields were reported to be 
high. The soil occurs where abundant sunlight permits maximum 
production of sucrose. The soil has good water-holding capacity and 
is easily irrigated. Where this soil is used for pasture, it has a thick 
stand of heavy-fruiting algaroba and an undergrowth of ilima and 
annual grasses. 

On the island of Molokai the land is used for small gardens, grazing, 
and bee pasture. Elephant grass and Sudangrass produce excellent 
green forage under irrigation. On Molokai Ranch it is estimated that 
this soil will fatten one head of cattle per acre during the algaroba 
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fruiting season if Sudangrass is fed as supplemental roughage. On this 
ranch a very large apiary that depends primarily upon the algaroba 
blossoms is kept as a subsidiary project. 

Gardening is precarious on this soil unless a very large supply of 
fresh water is available. The soil is very dry and generally is moder- 
ately high in salts. Slightly brackish water provided in quantities 
not sufficient to afford complete percolation quickly causes saltiness 
beyond the limits of good vegetable growth. One homestead project 
on Molokai failed primarily for that reason. Watermelons do well 
without irrigation during the rainy season, but the crop is not de- 
pendable. Occasionally heavy rains damage the vines, and the 
fruit fly is troublesome. 


KAMAKOA SERIES 


The soils of the Kamakoa series occur in the region of Reddish 
Brown or Reddish Prairie soils. They are derived from young alluvial 
deposits washed from soils of that group and from the underlying 
weathering volcanic ash. They are confined to the island of Hawaii, 
receive between 20 and 40 inches of precipitation annually, and occur 
at altitudes ranging from 1,000 to 5,000 feet. This occurs on the 
boundary between vegetation zones B and Cj. 

The typical profile is described in table 89. The soils occur where 
runoff accumulates, so vegetation is generally more dense than on 
adjacent soils of the Reddish Brown or Reddish Prairie group. The 
A, horizon is about 12 inches thick and grayish brown. The A, is 
underlain by alternate layers of fine, coarse, and medium sand with 
some admixed gravel. The whole profile is sandy, and the upper 
layer ranges from sandy loam to loam in texture. The pH values 
range from 6.5 to 7.5. Locally, the deep substratum may be cemented 
in thin bands by calcium carbonate. Some silty layers occur in the 
substratum. 

These soils occur along intermittent streams in association with 
soils of the Puu Pa and Waikaloa series. Two units have been 
mapped. 


Kamakoa sandy loam and loam (0 to 8 percent slopes) (Kx).— 
The profile, and its variations, is as described for the Kamakoa series. 
The unit occurs in association with Puu Pa and Waikaloa soils of the 
Reddish Brown group and extends slightly into the region. of Waimea 
soils on the island of Hawaii. It is used for grazing and supports a 
vegetation of higher carrying capacity dominated by Bermudagrass. 
The growth is generally better than on adjacent soils of the uplands. 
Rapid chemical tests indicate that this unit is high in available phos- 
phorus, potassium, calcium, and magnesium. It is also well supplied 
with total nitrogen. 

In some places this unit would be well suited to machine cultivation. 
Tt may be stone-free. For the area as a whole, however, there are 
enough loose stones on the surface to interfere moderately with 
cultivation. 


Kamakoa very stony loam (0 to 8 percent slopes) (Ky).—In its 
general profile characteristics this soil is similar to Kamakoa sandy 
loam and loam, but loose stones are very numerous on the surface 
and throughout the profile. It is not suited to machinery unless the 
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stones are removed. All of the soil is used for grazing, and its carrying 
capacity is probably similar to that of Waikaloa soils with which it 
is associated. 

KEEKEE SERIES 


The Keekee series consists of very young soils derived from alluvium 
that has been washed from unweathered deposits of volcanic ash and 
cinders at high elevations on Mauna Kea. They occur at elevations 
ranging from 5,500 to 8,000 feet on a flat in the Humuula Saddle, 
where annual rainfall is about 20 or 30 inches. The soils are at the 
boundary between vegetation zones E; and Ei. 

The topography of the area is gently sloping. Rainfall is low, and 
wind and water erosion are active. In protected spots the upper 2 
inches is a grayish-brown loamy sand or fine sandy loam, which is of 
single-grain structure and loose in consistence but contains a moderate 
amount of organic matter. Below this is grayish-brown or dark 
grayish-brown fine sandy loam or loamy sand alluvium that extends 
to depths of about 10 or 12 inches. Below that depth are random 
layers of gray, brown, or black medium sands or volcanic cinders that 
are underlain by bedrock at depths ranging from 15 to 50 inches. 
Gravel and cobble-sized rocks occur in the subsoil near watercourses. 


Keekee loamy sand (3 to 10 percent slopes) (Kx1).—This is a 
droughty, sandy soil in the Humuula Saddle. The soil profile is 
essentially that described for the series. Moderate amounts of loose 
stones occur on the surface, but some areas may be stone-free. The 
soil can be cultivated by machinery, but its physical properties make 
it essentially a noncrop soil. The area is used for sheep grazing and 
has a very low carrying capacity. The cover is a sparse stand of 
bunchgrasses, shrubs, and weeds that provides forage of poor quality. 


Keekee stony loamy sand (3 to 10 percent slopes) (Kx7).— This soil 
is similar to Keekee loamy sand but has a mantle of loose stones on 
the surface and throughout the profile. It occurs mainly at the base 
of Mauna Kea, at the mouths of drainageways where coarse material 
aceumulates. Most of it is at a slightly higher elevation than Keekee 
loamy sand, and the plant cover is normally somewhat more dense 
and vigorous. The growth consists mainly of bunchgrasses in asso- 
ciation with joee, other weeds, and an occasional mamani tree at the 
highest elevations. A few small areas are covered with Bermudagrass. 

The soil is too stony and shallow for machinery. Depth to bedrock 
ranges from 6 to 40 inches, and in some places bedrock crops out. 
The soil is used for sheep grazing; it has a slightly higher carrying 
capacity than Keekce loamy sand, but the forage is of poor quality. 


SOILS OF THE HANALEI FAMILY 


Like the Kawaibapai family, the Hanalei family consists of young 
soils derived from recent alluvium. Soils of the Hanalei family differ 
from those of the Kawaihapai family in having more strongly de- 
veloped A, horizons. They occur in wet regions where the extreme 
range in rainfall is from 40 to 250 inches per year. Nevertheless, 
except for a small area on the island of Maui and an area in Waipia 
Valley on Hawaii, the rainfall range is not so wide, or from 80 to 150 
inches per year. 
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Vegetation grows vigorously and provides an effective plant cover. 
A large amount of nitrogen and other plant nutrients are involved in 
the cycle of organic matter. This leads to development of strong A, 
horizons. In addition to being higher in organic matter, these soils 
are also commonly somewhat more acid than soils of the Kawaihapai 
family. The pH values range from 5.0 to 6.0 in the surface layer 
and generally increase slightly with depth. Soils of the Hanalei 
family occur mainly at low elevations, but on the island of Maui 
they extend to altitudes of 1,000 feet. They occur principally in 
vegetation zone D,; but at lower elevations on Maui they extend into 
vegetation zone C, and are associated with soils of the Humic 
Ferruginous Latosol group. The relationships of the Hanalei family 
to other Alluvial soils and to other azonal soils is indicated in table 17 
in the seetion on Relationships Àmong Soils of ITawaii. 

Except for the presence of an A, horizon, soils of the Hanalei 
family show little or no genetic horizon differentiation. The surface 
8 or 10 inches is a dark-brown or dark grayish-brown material moder- 
ate to high in organic matter. It is generally moderately acid, and 
pH values range from 5.0 to 6.0 in most places. Locally areas with a 
pH value above 6.0 occur. This surface material rests on recent, 
poorly assorted alluvium having pH values generally slightly higher 
than those of the surface layer. The relationships of the two soil 
series in this family are shown in table 91. Because of extreme varia- 
tion in layers of alluvial material, horizon depths are given for the 
modal profile in this table, not depth ranges. 


USE AND MANAGEMENT 


Soils of the Hanalei family, in contrast to those of the Kawaihapai 
family, are little used for sugarcane. Small areas of the Uaoa series 
that occur in association with soils cropped either to cane or pine- 
apple are used for the same crops, but most of the area is in small 
valleys and very wet regions outside of cane or pineapple producing 
areas. In some places these soils are used intensively for vegetable 
crops or fruits, mainly in a subsistence type of agriculture. Other 
areas in these valleys have been flooded and are used for production 


TABLE 91.—Key, modal profile, and environment 


| Modal profile 
Key Series Horizon Color (dry) 
| cius P a as 
i Letter | Average CUM 
i symbol| depth Name Munsell 
Inches r 
At 0-10 | Dark grayish | 10YR 4/2-5/2.... 
brown, 
A. Derived from general allu- | Hanalei. €i 10-50 | Brown. ........ 10YR 4/3-4/4. ... 
vium of wet regions. 
Cy 50+! Various layers of silty or sandy 
| ESI 0-8 Dark brown..... 7.5YR 5/4-5/2.... 
B. Derived from local alluvium | Uaoa.........- *C: | 820 | Dark reddish | 25Y R 3/2-3/4.... 
from Ferruginous Latosols. | | brown. 
C: | 20+) Reddish brown.| 5YR 4/4-4/8.... 
| 


*Contains lumps of purplish compact heavy silt from A horizon of Humic Ferruginous Latosols. 
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of rice and taro; these have been delineated as members of the Hauula 
paddy soils insofar as the scale of mapping would permit. ‘The smaller 
areas are included in the Hanalei series. 

A moderately high proportion of the total area is used for grazing 
or for production of tall forage grasses for green feed. In the very 
narrow valleys, and particularly on the stony types, the land is 
forested. Subsistence types of agriculture or grazing are the most 
important uses. Vegetable crops, bananas, and mangoes are the 
principal crops marketed. 

These are much more fertile soils than the zonal soils with which 
they are associated. Although they are moderately acid, they are 
not depleted of bases to the extent that soils of the Humic Latosol 
group are. 

On the basis of very limited data available, these soils appear to 
be better supplied with available phosphorus than Humic Latosols. 
They are equally high in total nitrogen. The soils occur mainly in 
a zone of high rainfall where the percentage of cloudiness is high, 
and in this moist atmosphere diseases and insect pests are very trouble- 
some. Weeds grow very rapidly, and weed control is one of the 
principal problems in vegetable-producing areas. Little information 
on the success of vegetable gardens in these areas was obtained 
because of the almost complete lack of commercial production. 

In table 90, soils of the Hanalei family are classified according to 
suitability and physical limitations for mechanized agriculture. A 
high proportion of these soils are well suited to the use of machinery. 

Where soils of the Hanalei family are pastured, control of guava 
is one of the principal problems. Within a few years, guava forms 
dense thickets that are almost impenetrable. A creeping weed, 
honohono, in some places covers the ground with such a mass of 
foliage that a man can hardly get through it. The abundance of 
rainfall on these fertile soils causes vegetation to growextremely 
rapidly. The use of machinery is almost essential for control of 
weeds. Hilograss generally dominates in pastures unless other species 
have been introduced. Among the introduced species, paspalums are 
probably the most important, but the tall forage species such as 


Modal profile—C ontinued | Environment 
Texture Structure Consistenee H | Island (Annual pjovation Mus 
SEU DUM (moist) p rainfall} “* D | “gone 
| 
c "m ia 4 
j Inches Feet 
Siltloam......... Moderate medi- | Very friable.....|5. 5-6. 5 |) Kauai...| 80-150 0- 500 Di. 
um granular. Hawaii..! 80-250 0- 100| Di. 
EN E Moderate medi- | Friable---.------15. Maui...| 40-100 0- 250, Di, Ci. 
um crumb. Oahu...| 50-150 0- 300) Di, 
alluvium; this horizon and the Ci may be mottled- 
| Silty clay loam... Strong medium | Friable..........|5.0-6.0 |} Maui_..| 40-100 0-1,000 | Cx, Di, 
granular. Dz. 
wees do............| Moderate fine |.....do...........15.0-6.0 |}Molokai.} 30- 60 |1,000-1,500 | Cx. 
| blocky. Kauat--. 40-100 | 250- 750 | Ci, Di 
NN M ea le eee eges do.-...------ 5. 0-6. 0 f 
l 
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Napiergrass and Guineagrass are grown on a larger part of the total 
area than on any other soils in the Islands. These grasses make 
extremely rank growth and may be either cut for green feed or pas- 
tured. The amount of forage produced is extremely high, but the 
quality is poor for fattening cattle. 


HANALEI SERIES 


The Hanalei series consists of fertile soils derived from general 
alluvium that washed from wet regions. They contain a high propor- 
tion of unweathered rock fragments from lava bedrock. The pieces 
of rock are mixed with the clays typical of soils of the Humic Latosol 
group. The soils occur mainly in regions that receive 80 to 150 inches 
of rain per year and are at elevations between sea level and 500 feet. 
They are mainly in vegetation zone D; and are mapped on the islands 
of Kauai, Hawaii, Maui, and Oahu. 

The soil profile is very weakly developed. The upper 10 inches are 
dark grayish-brown, granular, and very friable. The pH values in 
this material range from 5.5 to 6.5. Under this layer is brown or 
grayish-brown material of similar texture that has a moderately 
developed medium crumb structure. This horizon is friable, has a 
pH between 5.5 and 6.5, and normally extends to depths of 40 or 50 
inches. Next lower in the profile are random layers of sandy, silty, 
and gravelly alluvium that are poorly assorted. In some places the 
lower parts of the second horizon may be weakly mottled, which 
indicates poor aeration. 

The soils of the Hanalei series do not range so widely in texture as 
the soils of the Kawaihapai series. Only four textures have been 
mapped, a silt loam, a cindery silt loam, a clay loam, and a very 
stony loam and clay loam. 


Hanalei silt loam (0 to 3 percent slopes) (Hv).—This is a deep silty 
soil that is almost free of stones. It is the best soil of the Hanalei 
series. Its profile is typical of that described for the Hanalei series 
in table 91. Physical properties are excellent, and the soil is very 
high in organic matter. It occurs on the islands of Maui, Hawaii, 
Oahu, and Kauai. 

This soil is used for grazing, and small plots are planted to vege- 
tables. Itis a very productive soil, and some of the most important 
management problems, both in vegetable gardens and grazing lands, 
center about control of weeds and noxious shrubs. Guava is the most 
important pest in pastures. 

In pastures Hilograss is gencrally dominant but introduced species, 
including the tall tropical forage grasses and paspalums are important 
in some areas. No data on carrying capacity of pasture or the yields 
of vegetable crops were obtained, but the soil is considered one of the 
most fertile and productive in the wetter regions. 


Hanalei silt loam, shallow phase (0 to 5 percent slopes) (Hw).— 
This is a shallow soil over relatively young lavas that occurs in the 
Keanae Valley on the island of Maui and in Waipio Valley on Hawaii. 
In the Keanae Valley it consists of a deposit of recent alluvium over 
young lavas, mainly those of the Aa type. In several cuts it was 
noted that these lavas overlie older alluvium similar to that which 
gives rise to the Keanae series. Generally the soil is gently sloping 
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and has 8 to 20 inches of material over the rock. In a few places 
depths of 30 inches were found. The soil profile above the rock is 
typical of that of the upper horizons of Hanalei silt loam. 

Much of the area is a jungle of guava, other shrubs, vines, and small 
trees. Part of the soil is pastured. It supports Hilograss, other 
paspalums or, in a limited area, panicums. Relatively little of the 
total area was used at the time of survey. The area in Waipio Valley 
on the island of Hawaii was grazed oridle. This would be a productive 
soil if the shrubs and weeds were controlled. Its productivity should 
be comparable to that of Hanalei silt loam because the shallow depth 
of soil is not seriously limiting in this region of high rainfall. The 
few loose stones on the surface and occasional rock outcrops would 
interfere moderately with cultivation. 

Hanalei silt loam, very shallow phase (3 to 10 percent slopes) 
(Hx).—This soil consists of very shallow recent alluvium over young 
Aa lava. The thin mantle of soil over the rock is similar to the A, 
horizon of Hanalei silt loam but is generally darker in color. Depths 
over the rock ranges mainly from 2 to 8 inches, but in the cracks and 
crevices of the underlying rock the soil material may extend to depths 
as great as 30 inches. Bedrock crops out in many places. Part of this 
area was very difficult to reach, and deeper soil may have been in- 
cluded in some of the areas. The relief of the soil somewhat conforms 
with the surface of the underlying bedrock. 

This soil is so shallow and stony that machinery cannot be used on 
it. Little of the area in the Keanae Valley on Maui is used for pasture, 
as most of the soil is covered by a dense jungle of guava and associated 
shrubs and vines. The creeping weed, honohono, is prominent in 
many places. Near the edge of the former Hana Plantation the soil 
is grazed, and in this place Hilograss, other paspalums, or kikuyu are 
dominant. Part of the area was used once for sugarcane. Production 
of forage on this soil is high, and probably only slightly less than that 
on the unimproved areas of deeper soils in the same locality. The 
forage is of low quality, however, and the soil is best used as pasture 
for feeder cattle, growing calves, or the breeding herd. 

Hanalei cindery silt loam (0 to 3 percent slopes) (Ht).—This is a 
soil of small extent near the east end of what was formerly the Hana 
Plantation, In this area volcanic cinders mixed with finer alluvium 
have been washed from the adjacent slopes and deposited in a fan- 
like arca. On this material a well-developed A, horizon has formed. 
A typical profile has a dark grayish-brown, cindery, silt loam A, 
horizon that crumbles to a moderately well developed medium crumb 
structure. This A, is underlain by yellowish-brown, crumb-structured 
sandy clay loam that continues to a depth of about 18 inches. At 
that depth dark olive-drab and dark-brown cinders, mixed with 
fine material in varying proportions, are encountered. This material 
continues to depths of more than 40 inches. There is no consistent 
succession of layers below the upper 18 inches. 

This soil was at one time used for sugarcane but has been converted 
to pasture. It was productive of cane without irrigation, but the 
cane-sugar ratio was high. Since its conversion to pasture, the area 
has been reseeded, principally to kikuyu and paspalums. Pastures 
are reported to be high in productivity but low in quality. This is 
typical of pastures in such wet regions. 
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Hanalei clay loam (0 to 2 percent slopes) (Hv).—This soil occurs in 
small valleys mainly on the windward coasts of Oahu and Kauai. A 
large area occurs near Hanalei on the island of Kauai in association 
with the Hauula paddy soils. The soil profile is like that described 
for the Hanalei series, and the textures are clay loam to a depth of 40 
or 50 inches. The soil has the well-developed weakly or moderately 
granular A; horizon typical of Hanalei soils to a depth of 10 or 12 
inches. In some places the lower part of the subsoil may be mottled 
with yellowish-brown or gray, an indication of poor aeration. 

A large part of this soil is used for vegetable crops. Precise data 
on yields and management practices were not obtained, but on both 
Kauai and Oahu this soil is considered among those in the wetter regions 
most productive of vegetable crops. It can be assumed from the 
character of the material that this soil is more fertile than the Humic 
Latosols with which it is associated. It is almost stone-free in most 
places and is very easily cultivated. 

Parts of the area are pastured, or are used for the tall tropical forage 
grasses that are cut as soiling crops. The amount of forage produced 
is very high, but the quality is only fair or poor because of the low total 
dry-matter percentage. The mineral content of the forage should be 
higher than that produced on the adjacent Humic Latosols. As on 
other soils of the Hanalei series guava is a very serious pest in pastured 
areas. Unless special efforts are made for its control, it soon forms 
dense thickets that almost exclude other plants. This soil is well 
adapted to the use of machinery for control of such weeds. 


Hanalei very stony loam and clay loam (0 to 5 percent slopes) 
(Hy).—The very stony soils in this mapping unit are mainly in the 
narrower parts of the valleys and along the upper reaches of streams 
where waters flow rapidly. The surface is a litter of rocks, and rocks 
and boulders make up a large part of the soil mass. The material 
between the rocks is similar to that of the Hanalei soils. A well- 
developed A, horizon is present; the underlying material is lighter in 
color and in many places is extremely variable in texture. 

Little of this unit is used for either pasture or vegetable crops. 
Most of it is forested or covered with a dense stand of guava and asso- 
ciated plants. In most places, the unit is too stony for cultivation and 
the stones as well as the narrowness of the areas practically preclude 
eradication of guava for development of pastures. 


UAOA SERIES 


The soil of the Uaoa series is associated with the Humic Ferruginous 
Latosols as small areas in depressions or on concave slopes where local 
alluvium washed from the upper layers of the Humic Ferruginous 
Latosols has accumulated. These deposits are parent materials for 
the soil of the Uaoa series. Uaoa soil occurs on the islands of Maui, 
Molokai, and Kauai at elevations ranging from sea level to 1,500 
feet. In this region, the annual precipitation ranges from 30 to 100 
inches. Most of the soil is in vegetation zone C4, but on Maui and 
Kauai it extends into vegetation zone D}. 

The soil is derived from highly weathered clayey material mixed with 
silt-sized particles of resistant minerals that normally occur in the As 
horizon of the associated zonal soils. These heavy, resistant minerals 
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are apparently largely magnetite and anatase that have been con- 
centrated in the alluvium by sedimentation. In some places they 
form silty masses that are bluish or purplish in color and essentially 
structureless. These masses occur as discontinuous layers or are 
embedded in the soil as massive pieces as much as a foot across. 

The soil mass is friable and, except where the heavy minerals have 
concentrated, is crumb-structured. At the surface there has developed 
an 8-inch layer of dark-brown silty clay loam or silt loam that is high in 
organic matter and strongly granular. This normally overlies dark 
reddish-brown silty clay ji or silt loam with a moderately fine 
blocky structure. This dark reddish-brown layer becomes lighter 
colored with depth and contains lumps of purplish, compact heavy 
silt loam. The subsoil material continues without much change with 
depth. Ina few places the subsoil of the associated Humic Ferruginous 
Latosols may be encountered within a depth of 40 inches. The pH 
throughout the profile is mainly between 5.0 and 6.0, but in some 
places it is as low as 4.5. Only one type, Uaoa silty clay loam, has 
been mapped in this series. 


Uaoa silty clay loam (0 to 8 percent slopes) (Uc).—The soil profile 
and its variations are those described for the Uaoa series. This soil is 
most silty where it is associated with those of the Naiwa family, and 
most clayey where it occurs with the Haiku or Pauwela soils. 

These small areas of this soil are used in the same way as the 
associated soils. It is generally the most productive soil in the land- 
scape, and more fertile than the Humic Ferruginous Latosols with 
which it is associated. It also has better moisture relations and 
receives runoff from adjacent areas. Consequently, moisture supplies 
ne less commonly limiting on this soil than on the adjacent zonal 
soils. 

The plantations at the time of survey did not recognize much dif- 
ference between this soil and the associated Humic Ferruginous 
Latosols, but it was noted in the course of the survey—particularly 
where this soil was associated with Pauwela or Haiku soils—that the 
pineapple crop appeared to be much more vigorous on Uaoa silty 
clay loam. The difference was especially notable where the soil was 
found in association with eroded areas of the Humic Ferruginous 
Latosols. 

Where the soil is used for pasture it was also noted that the grasses 
formed a denser sod and appeared more vigorous than on the adjacent 
soils of the Humic Ferruginous Latosol group. Pastures on this soil 
produce well in terms of amount of forage, but it is poor for fattening 
cattle because of low palatability and low total dry-matter content. 
In pastured areas Hilograss is generally prominent in the wetter parts 
of the region. Carpetgrass was extensively planted in some parts of 
the area at one time, but is now generally regarded as inferior to 
Hilograss. Other paspalums, kikuyu, Napiergrass, and panicums 
are well adapted for introduction, but, where the soil is to be pastured 
the shorter sod-forming or creeping grasses are favored because they 
allow control of guava by mowing. The tall grasses, however, pro- 
duce larger amounts of forage. This soil also occurs in complexes 
with Haiku and Pauwela soils. These complexes are described under 
those series. 
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REGOSOLS 


The Regosols great soil group consists of deep soils derived from 
volcanic ash, volcanic cinders, coral sands, or basaltic beach sands. 
The only evidence of genetic profile development is the presence of 
an A, horizon in the surface layer. The soils occur on all islands 
surveyed at elevations ranging from sea level to 13;000 feet. They 
belong to two families, the Haleakala and the Manu, which are related 
as shown in table 17 in the section on Relationships Among Soils of 
Hawai. 

SOILS OF THE HALEAKALA FAMILY 


Soils of the Haleakala family have formed in deep, unconsolidated, 
relatively unweathered materials. They are so young that they have 
very weak A; horizons and show little or no other profile development. 
Their soil characteristics depend primarily on the nature of the parent 
materials. These soils occur on all of the islands of the Hawaiian 
group at elevations ranging from sea level to the tops of the highest 
mountains. 'The annual precipitation ranges from 5 to 80 inches. 
The soils occur in several vegetation zones. Soil profile character- 
istics are so dominated by the nature of the young parent materials 
that the distribution of soils in the Haleakala family 1s independent of 
climate, vegetation, and relief. 

The Regosols of the Hawaiian Islands have been divided into two 
families on the basis of the degree of development of A, horizons. In 
this family are soils with the weakest A: horizons. The soil profile 
consists of a thin layer of dark-brown or grayish-brown material, low 
to moderate in organie matter and mainly sandy, that rests on rela- 
tively unweathered, unconsolidated materials consisting of sandy 
volcanic ash, coral sand, or basaltic beach sand. 


The six soil series of the Haleakala family are differentiated on the 
basis of the parent materials and degree of development of the A; 
horizons. Four of the series are derived from volcanic sands and 
cinders of relatively recent origin, and two from beach deposits. The 
relationships of the soil series are shown in table 92. 


USE AND MANAGEMENT 


Little can be said about use and management of soils of the Halea- 
kala family as a group. The extremely wide variation in rainfall and 
elevation is matched by a range in plant adaptation. In general it 
can be said that soils of the Haleakala family are so sandy, open, and 
droughty that they are, at best, poor for crops; and that for the most 
part, they are not suited to cropping. Except for soils of the Catano 
series, which may support fairly heavy stands of algaroba, the soils 
are either barren or support a poor grass cover. They are therefore 
poor soils for grazing, and in most places have extremely low carrying 
capacities. Also, they occur where forests do not grow, or they are 
so loose, open, and porous that forests have not become established. 
They are extremely poor soils for any use in agriculture or forestry. 
The principal reason for differentiating soil series and units within the 
series is to point out significant geological differences. 
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HALEAKALA SERIES 


The Haleakala series consists of a soil formed from volcanic sands 
and cinders that shows no horizon differentiation. It is extremely 
young geologically, but in most places is older than the historic deposits 
of the active volcanoes. Around clumps of grass or shrubs that form 
a sparse cover, the upper 1 inch generally consists of coarse volcanic 
sands and cinders mixed with dark-brown organic matter. This 
mixture forms a loamy coarse sand or sand. This loamy horizon is 
absent in areas not vegetated and the upper part of the profile is 
almost devoid of an organic horizon. The rest of the profile consists 
of black, brown, or red voleanic sands and cinders that are practically 
unweathered. Lava bedrock occurs at varying depths. 

This soil occurs on Haleakala mountain on the island of Maui at 
altitudes ranging from 8,000 to 10,000 feet. It also occurs on the 
island of Hawaii on Mauna Kea at altitudes of 8,000 to 13,000 feet. 
Rainfall probably ranges between 15 and 25 inches per year. The 
soil is within a zone where snow occasionally falls, and the summit of 
Mauna Kea may be snow-capped for a month or more. The soil is 
mainly in vegetation zone E; but at its lower altitude limit extends 
slightly into vegetation zone Es. 


Haleakala cinders and ash (Hx).—This is the only unit of the 
Haleakala series mapped. It occurs on the nearly barren summits of 
Mauna Kea and Haleakala where plant growth consists principally of 
mosses, lichens, and occasional clumps of silversword and Hawaiian 
bentgrass. At the lower elevations, a few scattered shrubs appear, 
mainly puakeawe, aalii, or pamakani. On Mauna Kea at the lower 
elevations occasional plants of mamani and naio occur as tall shrubs. 
In other regions mamani and naio are normally small trees. Near 
these shrubs the thin A, horizon described for the Haleakala series 
occurs, but in the intervening areas that comprise more than 75 
percent of the total acreage, there are only bare cinders and ash. This 
unit has no agricultural value. 


KILAUEA SERIES 


The Kilauea series consists of soils on very recent materials, partly 
of historic age. The materials are coarse volcanic sands, gravel, 
cinders, and clinkers thrown out by Kilauea Volcano. The land is 
practically bare of vegetation though it occurs where grasslands are 
normal. Locally a few clumps of bunchgrasses occur, and in these 
places there may be Y to 1 inch in the surface layer that contains small 
amounts of organic matter. Lava bedrock occurs at varying depths, 
and loose rocks are numerous in many places. This series is confined 
to areas near Kilauea Volcano on the island of Hawaii. It occurs at 
elevations ranging from sea level to 4,000 feet, receives an annual 
precipitation ranging from 20 to 60 inches, and is within vegetation 
zones A, B, and C, Nevertheless, the plants characteristic of these 
vegetation zones are almost entirely absent. 


Kilauea sands and gravel (Kx1i).—This unit consists of almost bare 
stony sands and gravels a few inches to several feet deep over solid 
lava bedrock. The deposits have a uniform surface, sloping or gently 
sloping toward the sea, and lie where they were left during volcanic 
eruptions, The land has little or no agricultural value. 


TaBe 92.—Key, modal profile, and environment of soil series of the Haleakala family 
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Kilauea sand, dune phase (Kxx).—These are volcanic sands similar 
to those described for the Kilauca series, but the wind has shifted 
them into dunes a few feet to 10 or 20 feet high. On these loose 
materials there is practically no vegetation, and the land has essen- 
tially no agricultural value. These sands were actively shifting at 
the time of survey. 

KILOHANA SERIES 


The Kilohana series is made up of soils derived from young volcanic 
cinders and ash that have distinct but only moderately developed A, 
horizons. The series was mapped on the island of Hawaii on the 
slopes of Mauna Kea at altitudes ranging from 3,750 to 7,500 feet. 
The annual preciptiation ranges from 20 to 40 inches, and the soils 
are in vegetation zone E. 

The surface 6 inches consists of dark-brown fine sandy loam or 
loamy sand that has moderate organic-mattcr content and a weak 
crumb structure. Organic matter decreases with depth. From 6 
inches downward to 10 inches, there is a brown fine sandy loam or 
loamy sand very weakly bound by organic matter. Below 10 inches 
there are brown, yellowish brown, or black volcanic sands or cinders. 
In some places the material appears to have been wind-worked. 


Kilohana fine sandy loam, phases undifferentiated (5 to 25 percent 
slopes) (Kxo).—This is the finest-textured unit of the Kilohana 
series and generally it has the best-developed A; horizon. The surface 
layer is a fine sandy loam moderately well supplied with organic 
matter. This is underlain by medium sands at depths ranging from 
6 to 20 inches. In many places this sandy material is similar to that 
at depths below 2 to 6 feet. The topography is generally billowy, or 
suggestive of dunes in many places. A few small barren dunes were 
actively drifting at the time of survey. 

This unit, as mapped, includes small areas within which Aa lava 
occurs at depths ranging from 6 to 40 inches. These small areas are 
confined chiefly to the sharper ridgetops. The A, horizon in the small 
depressions between the knolls is considerably better developed than 
that on the stronger slopes. 

In general, the area is well covered with a coarse bunchgrass that 
was not identified. This grass occurred in amost pure stands in many 
places and grew to heights of 2 to 4 feet. It was apparently not palat- 
able to livestock. Near the margins of the area there are places where 
fair to poor stands of bluegrass were growing with scattered mamani 
trees. These areas were pastured by sheep, and the grass was cropped 
close at the time the land was surveyed. This normally is poor land 
for grazing. 


Kilohana loamy sand, phases undifferentiated (Kx»).— These are 
the very sandy soils of the Kilohana series; they generally have a 
weaker and shallower A, horizon than those of Kilohana fine sandy 
loam. The soils almost invariably support a stand of bunchgrass that 
apparently is not eaten by cattle. The cover is fairly good in most 
places, but where vegetation is most sparse, the sands are being blown 
by the wind. 


Kilohana cindery loam, phases undifferentiated (KxN).—On the 
slopes of Mauna Kea, on the leeward side near Ahumoa, and on the 
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windward. side above the Puu Oo soils, there are areas of young 
volcanic cinders on which this cindery unit occurs. It is comparable 
to Kilohana fine sandy loam, but was mapped on slopes of the moun- 
tain that do not have the form typical of cinder cones. 

This unit resembles the Kilohana fine sandy loam soils in the 
upper parts of its profile, but is not underlain by volcanic cinders at 
10 to 50 inches. The soil is not uniform in depth over cinders, and the 
deposit of cinders is extremely variable in thickness over lava. On 
the leeward side of the mountain, this unit is lightest in color and car- 
ries a vegetation of bunchgrasses similar to that on the fine sandy 
loam. On the windward side of Mauna Kea, the surface 3 inches is 
darker and apparently higher in organic matter than it is on the lee- 
ward side. In these windward areas there is a rather sparse vegeta- 
tion of mamani and a fair cover of velvetgrass, sweet vernal, and, in 
some places, bluegrass. At the lowest altitude limits of the unit a 
few koa trees may be found. This is better grazing land than the 
other soils of the Kilohana series, but its carrying capacity is low. 
Nevertheless, those areas on the windward side of Mauna Kea have 
some value as pasture. 


Kilohana cindery loam, cinder-cone phase (10 to 45 percent slopes) 
(Kxm).—This unit consists of cinder cones in the climatic zone of the 
Kilohana series. The soil profile is extremely variable; in the recon- 
naissance survey it was impossible to differentiate among the many 
profiles found on these symmetrical cones. In most places the soil 
is similar to Kilohana cindery loam, phases undifferentiated. Locally, 
however, the A, horizon may be almost entirely absent. Erosion is 
prominent on some of the cones. Most of the areas have very low 
carrying capacity, but the grasses are generally more palatable than 
those on Kilohana loamy sand, phases undifferentiated. This unit 
has some value for pasture. 


HUIKAU SERIES 


In the Huikau series are soils on young volcanic sands and cinders 
similar to the material that gives rise to the Kilohana or Haleakala 
soils. They have weakly developed distinct A: horizons. The soils 
occur on the islands of Hawaii and Maui on Mauna Kea and Haleakala 
Mountains at altitudes of 5,000 to 12,000 feet. They receive 20 to 
40 inches of annual precipitation and are mainly in vegetation zone E, 
but extend into zone E, on the island of Hawaii. Snow occasionally 
covers the area on the island of Hawaii down to elevations as low as 
7,000 feet. 


The upper boundary of this soil series roughly follows the limits 
of vegetative cover. Above this the vegetation consists of mosses, 
lichens, and an occasional small shrub or clump of grass. The lower 
boundary of the soil series is roughly at the place where shrubs and a 
very poor grass cover merge with the areas of fairly continuous grass- 
land. Owing to the combined effect of little vegetation, low rainfall, 
&nd active erosion, the soils have very weak horizon differentiation. 

About 40 to 70 percent of the land is covered with vegetation, and 
this part has a 4 or 5 inch surface layer of dark-brown fine sandy loam 
or loamy sand that contains moderate amounts of organic matter. 
This layer is underlain by a transitional zone of brown loamy sand or 
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sand in which there is very little organic matter. At a depth of about 
8 inches, brown, black, or yellowish voleanic sands and cinders are 
encountered. In the intervening areas without vegetation the 
organic surface layer is absent and the soils consist only of various 
layers of sands, fine sands, or cinders that have no definite arrange- 
ment. 


Huikau sand and loamy sand (Hux).—This unit usually occupies 
the lowest elevations in the Huikau series and has the best vegetative 
cover. The profile is described for the ITuikau series. The vegetation 
consists of mamani trees in varying numbers, some koa at the lower 
elevations, and bunchgrasses, shrubs, and weeds. On Mauna Kea 
the area is grazed by wild sheep, which destroy the vegetation and 
contribute greatly to active erosion. On Haleakala this unit is not 
used. It would be suitable only for very poor pasture. The plants 
present are generally not palatable, and the amount of forage is very 
low. Lack of water also contributes to the poorness of this land for 
grazing. 

Huikau stony sand (Hnur).— These are very stony areas in which 
there may be no soil material at one extreme or several feet of it at 
the other. Bedrock outcrop is common, and loose stones almost 
cover the surface and oceur throughout the soil mass. Generally 
these areas have an even poorer cover of vegetation than Huikau sand 
and loamy sand, but the same species are represented. This is 
extremely poor pasture land and is unsuited to any other use. 


KALAPANA SERIES 


The Kalapana series is represented by one mapping unit consisting 
of beach sands derived from basaltic materials. It occurs in small areas 
on the island of Hawaii at altitudes of less than 50 feet. It receives 
70 to 80 inches of annual precipitation. 


Kalapana sand (Ks).—-The soil occurs as long, narrow strips adjacent 
to the sea. It consists of black basaltic sands deposited on the beaches 
by wind and waves. At the beach there is no vegetation, but back 
some distance from the shore there is generally a narrow strip on which 
coconut palms and some grasses grow. Under the palms there is 
usually a litter of undecomposed organic matter and a very dark- 
brown A, horizon, ordinarily not more than 6 inches thick. The 
Ai rests on black unweathered basaltic sands that continue to great. 
depths. Aside from the coconuts produced, the principal use of the 
land is for recreation or homesites. Scenic landscape and good beaches 
make this soil desirable for recreation. The famous black sands of 
the Puna area on the island of Hawaii are typical of this unit. 


CATANO SERIES 


The Catano is the only series of the Hawaiian Islands correlated 
with a series previously mapped in some other place. The Catano 
series was established in Puerto Rico. 

The series consists of coral sands deposited by wind or wave action. 
The soils occur on all of the islands surveyed, mainly as narrow strips 
along the coast. Locally, as on the islands of Molokai and Maui, the 
sands have been blown inland for considerable distances. On the 
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island of Molokai, a narrow strip extends from the windward coast 
over a steep escarpment and into the uplands at elevations of 1,000 
feet above sea level. Rainfall in these areas ranges from practically 
none on some of the leeward coasts to as much as 40 or 50 inches on 
some of the windward coasts. 

In this series are very young soils; their A: horizon is weakly 
developed or lacking. At the beach there is a deposit of light-gray 
and very pale-brown coral sand that is bare of vegetation. Back from 
the beaches the soils are vegetated, sometimes densely, with stands of 
algaroba and associated annual grasses. In these places back from 
the beach the surface 8 inches is dark-brown or dark reddish-brown 
loamy sand or sand speckled with gray and very pale-brown coral 
material. This layer, a mixture of organic matter and weathering 
coral sand, usually also contains some alluvium. It is underlain by 
light-gray and very pale-brown highly calcareous coral sands. 


Catano loamy sand (Ca).—A mixture of alluvial material and sand 
gives this soil a loamy sand surface layer. This mixed layer is very 
thin near the coast, where the soil grades into Catano sand, but it gets 
thicker inland, and in places may reach a depth of 2 feet. 

Most of this soil is used for pasture. It supports a very thick stand 
of heavy-fruiting algaroba that provides considerable forage for cattle. 
Also, the algaroba blossoms are a good source of honey. In a few 
places this soil was once used for irrigated cane but most of these are 
now abandoned. A few areas making up a limited total acreage are 
in vegetable crops. Watermelon is one of the principal crops, but 
grazing is by far the most important use. The soil is fairly valuable 
as pasture, primarily because of the algaroba. This soil occurs on 
all of the islands mapped except Lanai and Hawaii. 


Catano loamy sand—Molokai silty clay complex (Cs).—This unit 
is made up of areas of a soil typical of Catano loamy sand in intimate 
association with small areas of Molokai silty clay. The unit extends 
inland where coral sands blown from the beaches have been deposited 
over soils of the Molokai series. Continued wind drifting has formed 
small dunes on which Catano loamy sand is present, and blowouts 
where Molokai silty clay is the soil type. 

In some places the Molokai soil apparently was never covered, and 
Catano loamy sand extends as long fingerlike areas, parallel to the 
direction of the prevailing winds, between narrow areas of Molokai 
silty clay. The most typical of these areas is a long strip on the island 
of Molokai that extends northeast to southwest from the beach at 
Kalehu into the uplands of Mauna Loa. This area extends to an 
altitude of 1,000 feet. 

The complex is used for grazing and is generally inferior to Catano 
loamy sand for that use. Where the complex occurs adjacent to the 
coast, stands of algaroba may be almost as dense as on Catano loamy 
sand, but most of it lies well inland where the ground water necessary 
for good growth of algaroba is not present. In these inland places 
there are scattered algaroba trees, ilima, and annual grasses. "The 
inland forage is produced mainly by the grasses and is extremely lim- 
ited in quantity. The carrying capacity of these areas is probably 
lower than that for Molokai silty clay because wind action is active, 
and a fairly large part of the total acreage is bare of vegetation. 
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Catano sand (Cc).—This soil occurs on all the islands surveyed and 
consists of the most sandy areas near beaches. Coral sands pre- 
dominate. The beaches are bare of vegetation and important mainly 
for recreation. Back from the beaches the soil may support dense 
stands of heavily fruiting algaroba, which provides a moderate amount 
of very high quality forage for cattle. In these inland places the 
carrying capacity is probably as high as that of Catano loamy sand. 


Catano sand, dune phase (Cz).—This unit consists of coral sands 
that have been drifted into large dunes, which are actively moving in 
some places, but in others are stabilized by algaroba and other plants. 
The soil material varies greatly. In some places, as near Kahului on 
the island of Maui, the material in the dunes is weakly consolidated 
and the soil consists of a weathered crust. over weakly consolidated 
coral sands. In other places, particularly where the dunes are actively 
moving, the sands are completely unconsolidated. 

The density of cover varies greatly from place to place. Generally, 
the cover on the dunes is sparse, but in the depressions between them 
it is very dense. The vegetation consists mainly of algaroba, with 
the small shrub, ilima, and annual grasses. The algaroba fruit pro- 
vides some forage for cattle, but the amount is less than on Catano 
sand. Where the material in the dunes is weakly consolidated, the 
stands of algaroba are generally poor. Vigor and fruiting of the 
algaroba appear to depend mainly upon depth to the water table, 
which varies greatly within this unit. 


Catano sand— Alluvial soil complex (C»).— These are areas near the 
sea where alluvial material has been deposited in depressions and along 
drainageways within areas dominated by coral sands. The pattern 
of the Alluvial soils and the Catano sand within these areas is ex- 
tremely complex and varies greatly from place to place. In most 
places Catano sand occupies 50 percent of the area. A deep Alluvial 
soil comparable to the Mala series generally occupies between 10 and 
40 percent of the area, and a shallow Alluvial soil over coral sand 
occupies the rest. For the shallow soil over coral sand, the Alluvial 
material ranges from 10 to 40 inches deep. 

Most of the complex is quite well vegetated and has a thin A, 
horizon. Algaroba forms particularly dense stands and fruits pro- 
fusely on this complex, for the areas are low and allow algaroba roots 
to reach the water table. This complex is as productive of forage as 
Catano loamy sand and probably supplies much of the forage in the 
form of algaroba fruit. This complex is much more valuable as 
grazing land than the adjacent soils of the uplands. 

In a few places this complex is cropped to vegetables or cane. 
Vegetable growers seek out the Alluvial soils in the complex, which 
are highly productive if irrigation water is available. Some water- 
melons are produced without irrigation. The principal use of the 
complex and probably the best, is for grazing. 


Catano sand—salty soil complex (Cr).—This complex occurs near 
the sea where coral sands dominate. It consists of a series of small 
knolls on which Catano sand occurs and intervening small depressions 
where the water table is at or near the surface and salts have accumu- 
lated. In these depressions there is normally a layer of alluvial 
material completely flocculated by the high concentrations of soluble 
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salts. Vegetation in the salty soil consists of salt-loving plants or is 
lacking. On the intervening areas of Catano sand there are dense 
stands of algaroba that fruit profusely and provide considerable 
forage for cattle. The carrying capacity, however, is much lower 
than that for Catano sand—Alluvial soil complex because between 
20 and 50 percent of most areas is occupied by salty soils of practically 
no value for grazing. 


UNDIFFERENTIATED UNITS 


All the soils of the Haleakala family less than 10 inches deep to 
bedrock and marked by a high proportion of bedrock outcrops have 
been mapped as one undifferentiated unit, regardless of soil series. 


Haleakala family, very shallow phases (H1).—These are shallow 
soils, and 20 to 50 percent of their surface is oceupied by bedrock. 
The soil material between outcrops is mainly less than 12 inches 
thick. This unit is confined to the island of Hawaii and occurs 
mainly in association with members of the Haleakala or Huikau 
Series. 

The profile consists of 1 to 4 inches of surface soil that contains 
some organic matter, and below that, weathered volcanic sands, 
gravel, or cinders. The vegetation is sparse and generally not 
palatable to cattle. This unit has little value for agriculture. 


SOILS OF THE MANU FAMILY 


Soils of the Manu family are Regosols derived from very young 
voleanic materials in regions of high rainfall. They occur on the 
island of Hawaii near Kilauea Crater at altitudes ranging from 2,000 
to 4,000 feet. They receive from 60 to 120 inches of precipitation 
per year. In such an environment vegetation quickly establishes 
itself on young volcanic materials, and in a relatively short time a 
moderately strong A; horizon develops. The profile typically has 
6 to 8 inches of dark brown or almost black A, horizon of very high 
organic-matter content. The pH of the A, layer is generally above 
5.5 or 6.0, and commonly near 6.5. The A, layer is underlain directly 
by voleanie ash. This ash is little weathered. The relationships of 
this family to the Haleakala family are shown in the section on 
Relationships Among Soils of Hawai. This family is represented by 
two soil series, which are related as shown in table 93. 


USE AND MANAGEMENT 


Use of the soils in the Manu family varies greatly. Part of the area 
is in National Parks, and some is used for house lots, but most of the 
land in the wetter regions is forested. A limited acreage is used for 
vegetables, including cabbage, Chinese cabbage, lettuce, cucumbers, 
squash, diakon, broccoli, rutabagas, and potatoes. These vegetables 
are grown in small gardens, principally on the Manu soils. 

The Heake soils are used mostly for grazing. On unimproved areas 
they support a few ohia trees, ferns, and some carpetgrass. Where 
the pastures have been plowed and planted on Keauhau Ranch, an 
excellent stand of Dallisgrass, Kentucky bluegrass, molassesgrass and 
white clover has been obtained. 

Rapid chemical tests in the areas used for vegetables indicate that 
the soils of the Manu family range from strongly to mildly acid in the 


TABLE 93.—Key, modal profile, and environment of soil series of the Manu family 
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A. Very strong A hori- | Manu_..- e 8-15 Brown partly weathered volania Hawaii. 90-120 | 2, 750-4, 000 | Də. 
ha 1 Mairi a | | inclusions of sandy loam. 
ey dE C; d Sandy loam to loam; partly 
weathered volcanic ash. 
De geese | Lava bedrock at depths from 15 
| _ inches to several feet. 
| Ad 0- 6 Dark-brown fine sandy loam with 
moderate amounts of organic 
matter. 
C 6-10 | Brown fine sandy loam, low in 
B. Moderately strong A; | Heake-__ organic matter_.._-_.---_.---- Hawaii 60- 90 | 2, 000-4, 000 | Cj, Cs. 
horizon: Material Cy 10+] Grayish-brown slightly weathered 
moderately weath- volcanic ash. 
ered. D | eee era Lava bedrock at depths from 10 
to 36 inches. | 
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surface layer. They are generally low in potash but high in phos- 
phorus and calcium. Soils of the Manu family were mapped in 
reconnaissance, and, particularly in the forested areas, it was im- 
possible to separate the deep from the shallow soils. Consequently, 
adaptation to machinery within the area is variable. 


MANU SERIES 


The soil of the Manu series has a very strongly developed A; horizon. 
It developed on young volcanic ash near Kilauea Crater on the island 
of Hawai. It is at elevations ranging from 2,750 to 4,000 feet, 
receives 90 to 120 inches of rain per year, and is in vegetation zone Ds. 

The surface 8 inches is à very dark-brown or almost black gravelly 
loam of high organic-matter content. The pH values of this layer 
are mainly near 5.5 or 6.0. The surface layer grades through a layer 
of brown partly weathered volcanic ash—mainly loam or clay loam 
in texture and with a pH value near 6.0—to the sandy loam or loam 
parent material of weakly weathered volcanic ash. Lava bedrock 
underlies the soil at depths ranging from 15 inches to several feet. In 
places this bedrock crops out. 


Manu gravelly loam, gently sloping phase (2 to 8 percent slopes) 
(M2m).—The profile of this soil is that described for the Manu series. 
The depth to bedrock ranges mainly from 15 inches to several feet, 
but locally some bedrock crops out. In the shallower areas loose 
stones occur on the surface and throughout the soil mass. 

Most of the soil is in forest consisting of a very dense growth of 
ohia lehua, ferns including large amounts of tree ferns, and many 
kinds of shrubs, herbs, and trailing vines. Part of the area along the 
Kilauea road is used for dwellings, many of which are used as summer 
homes. In this same general area a limited acreage is used for vege- 
tables. Cabbage, Chinese cabbage, lettuce, cucumbers, squash, diakon, 
broccoli, rutabagas, and potatoes are grown for market. Cabbage 
and lettuce occupy the greatest acreage. The vegetables are pro- 
duced in small gardenlike areas with apparently good success. Flowers 
for market are also grown locally. 


HEAKE SERIES 


Soils of the Heake series are Regosols developed from sands under 
a lower rainfall than that received in areas occupied by Manu soils. 
‘They occur in the drier sections near Kilauea Crater in the direction 
of Kau. Elevations range from 2,000 to 4,000 feet above sea 
level, and the precipitation is from 60 to 90 inches per year. The soils 
are in vegetation zones C, and Cs. 

Because they receive less rainfall than soils of the Manu series, 
these soils have materials that are not weathered beyond the sandy 
loam stage. The surface layer has less organic matter and is corre- 
spondingly less dark in color. In most places the surface 6 inches is 
a dark-brown fine sandy loam containing moderate amounts of or- 
ganic matter. This layer grades through a transitional horizon-— 
about 4 inches of brown fine sandy loam that has a low organic-matter 
content—to the grayish-brown slightly weathered volcanic ash parent 
material. The voleanic ash is at depths below 10 inches. Lava 
bedrock occurs at depths ranging mainly from 10 to 36 inches. For 
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the very shallow phase, however, the soil depth ranges mainly from 
4 to 12 inches. 

Heake gravelly loam, gently sloping phase (H2E).—This is the 
deepest soil of the Heake series; it is deep over unweathered lava. The 
profile is typical of that described for the series. 

This soil is used principally in grazing. It supports scattered ohia 
trees and some ferns and grass. ‘The amount of grass increases toward 
the lowest altitudes, where the rainfall is least. Some pastures have 
been improved. Good stands made up of Dallisgrass, molassesgrass, 
white clover, and some Kentucky bluegrass have been established on 
these. The improved pastures have high carrying capacity and pro- 
duce forage of good quality. In unimproved pastures carpetgrass is 
dominant, and ferns and shrubs are associated with it. The unim- 
proved pastures normally have a low carrying capacity. 


Heake gravelly loam, very shallow phase (H2r)—This phase may 
have no soil material at all, or as much as 12 inches of it. Bedrock 
crops out in many places and locally occupies as much as 40 percent 
of the surface. Where this phase is grassed, the sod that makes up 
the bulk of the A, horizon commonly rests directly upon relatively 
unweathered lava. In the deeper pockets there may be a loose gravelly 
loam below the sod. 

A large part of the area is in pasture, but little of it is improved. 
Carpetgrass growing in association with ferns, a few ohia trees, and 
many shrubs is the normal plant cover. The carrying capacity is low, 
and forage is not of such high quality as that in improved pastures on 
Heake gravelly loam, gently sloping phase. 


LITHOSOLS 


The Lithosols great soil group consists of areas dominated by masses 
of loose boulders with little fine material between them, or by weath- 
ered or unweathered bedrock. As is true for other azonal soils, there 
is little or no genetic profile development other than some small accu- 
mulation of organic matter in the surface layer. All of the soils in this 
group were mapped as land types in Hawaii and were not given series 
names. ‘These land types are divided into groups as shown in table 94. 


STONY LAND TYPES 


Stony land types consist of a mass of boulders and stones, generally 
somewhat rounded, that rapidly running water has deposited in stream 
valleys or that water and gravity have deposited at the base of steep 
slopes. Some fine material occurs between the boulders, generally 
enough to give plants a foothold. These stony types are differentiated 
according to the character of the soil material occurring among the 
stones. The relationships among the stony land types and their 
relationships to other Lithosols are indicated in table 94. 

Stony land, Alluvial soil material (2 to 10 percent slopes) (Ss).— 
This unit occurs in valleys, or on the plains at the mouths of valleys, 
where a mass of loose stones has been deposited during floods. The 
rocks range from pieces of gravel to boulders several feet in diameter. 
The waters that rolled these materials down the valleys must have had 
very great force. Among the rocks there is a small amount of fine soil 
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material characteristic of the kind that gives rise to soils of the Alluvial 
group in the Hawaiian Islands. It is from this material that the land 
type derives its name. 

This unit occurs on the islands of Kauai, Maui, Molokai, and Oahu 
at altitudes of less than 500 feet. It occurs where rainfall ranges 
from 10 to 100 inches per year. The small amount of soil present is of 
the kind found in the Alluvial soils with which this unit is associated. 
The unit includes materials similar to those of the Kawaihapai family; 
and also, but to a more limited extent, materials similar to those of the 
Hanalei series. 

This land type is completely unsuited to cultivation and it cannot 
be changed to cultivable land by clearing away the stones. The land 
is idle or used for grazing. In the driest regions, it may support fair 
stands of algaroba, which commonly fruits heavily. In the wetter 
regions it is generally covered by lantana, guava, or tropical rain 
forests. his land type provides some forage for cattle, but it is very 
difficult for them to get over most of this area because of the almost 
continuous litter of stones on the surface. Except in areas where 
algaroba is prominent, a small amount of feed is produced. 


Stony land, talus material (5 to 30 percent slopes) (Su),—This land 
type is mapped at the base-of clifis or escarpments where rock debris 
brought down by gravity and water has accumulated. As on the other 
stony land types, these “soils’’ consist mainly of loose stones ranging 
from the size of gravel to boulders many feet across. Among the stones 
there is enough fine soil material to provide some medium for the root- 
ing of plants. This fine material is gonerally similar to that of Alluvial 
soils, but in some places it is moderately sticky and plastic clay com- 
parable to that of the Kaena series. 

This unit occurs on the islands of Molokai and Oahu at altitudes of 
less than 500 feet. It is found in many different rainfall zones; the 
annual precipitation ranges from 10 to as much as 250 inches. Con- 
sequently, the vegetation is extremely varied. In the dry areas the 
unit supports thin to moderately good stands of algaroba and a small 
amount of grass. The greater part of the area is dominated by 
lantana; and in the wetter regions guava or tropical rain forest 
dominates. This land is either idle or used for pasture. It has moder- 
ate to low carrying capacity and generally is much inferior to nonstony 
soils in the same area. It is almost impossible to improve pasture on 
this land, because of its stoniness. The forage produced is of high 
quality in the driest parts of the area, but low in the wettest. In 
general, this land is very poor for pasture and unsuited to any other 
use except forestry. 


Stony land, glaciated mountain summits (Sp).—This unit occurs at 
the highest elevations on Mauna Kea on the island of Hawaii, where 
glaciers have produced areas dominated by loose, partly rounded 
stones, among which occur small amounts of volcanic cinders or ash. 
It occurs at altitudes ranging from 12,000 to 13,000 feet or more and 
probably receives 10 to 30 inches of precipitation annually. During 
some parts of the year, the area is covered with snow. 

The land is bare of vegetation except mosses, lichens, and an 
occasional shrub. It has no value for grazing. Much of the area has a 
high proportion of bedrock outcrop, in addition to the loose boulders. 


Taste 94.—Key and environment of Lithosol land types 


Environment 
Key Name 7 m 
: i nnual MST 
Location rainfall Elevation 
A. Unconsolidated extremely stony and 
bouldery deposits: 
1. Soil material undifferentiated: Inches Feet 
a. Recent stream deposits- ----------- Stony land, Alluvial soil mate- | Kauai, Maui, Molokai, Oahu.| 10-100 0- 500 
rial. 
b. Debris accumulated at the base of | Stony land, talus material... Molokai, Oahu_____..-____-- 10-250 0- 500 
steep slopes. ] 
c. Glacial or snow-bedded deposits. -| Stony land, glaciated mountain | Hawaii------------------- -| 10- 30 | 12, 000-13, 000 
summits. 
2. Soil material of Low Humic Latosols..| Stony land, Ewa soil material ..| Oahu_----.---------------- 10- 30 © 500 
2. POM material of Dark Magnesium | Stony land, Lualualei soil mate- | Kauai, Oahu__.___-_---.---- 10- 30 0- 500 
Jays. rial. 
4. Complex of soil materials of Low | Stony land, Lualualei—Ewa soil | Oahu. --------------------- 10- 30 0—- 500 
Humic Latosols and Dark Mag- material complex. 
nesium Clays. 
5. Soil material of Gray Hydromorphie | Stony land, Kaena soil material_; Oahu- ----------------7---- | 30- 80 0- 750 
Soils. 
B. Deep unconsolidated weathered ma- | 
terial: | 
1. Moderate slopes: | 
a. Severely eroded Low Humic Lato- | Eroded stony land, Molokai or | Kauai, Lanai, Maui, Molokai.| 10- 50 ©- 2, 000 
sols. | Lahaina soil material. 
b. Severely eroded Humic Ferruginous | Eroded land, Naiwa or Mahana | Kauai, Lanai, Molokai, Oahu..| 25- 80 | 250- 4, 500 
Latosols soil material. | 
2. Moderately steep and steep slopes: B 
a. Material residual from basic igneous | Rough broken land, residual | Hawaii, Kauai, Lanai, Maui, | 40-300 œ- 5, 000 
rocks. | material. i; Molokai, Oahu. 
b. Material residual from basic igneous | Rough broken land—-Nakalele | Maui, Oahu ... ...........| 85- 70 100- 2,000 
rocks in complexes with normal silty clay complex. 
Low Humic Latosols. 
c. Material from old alluvium........ Rough broken land, alluvial | Kauai, Oahu---------------- 40-200 50- 1, 000 
material. 
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C. Shallow unconsolidated weathered ma- 
terial: 
1. From basic igneous rocks: 


a. Soil material of Low Humie Latosols. 


b. Soil material of Dark Magnesium 
Clays. 
2. From coral limestone---------------- 
D. Very thin deposits of voleanic ash over 
unweathered lava: 
1. Dry regions: 
a. Older ash with some vegetation: 
(1) Over Aa lava._.--------.------ 


(2) Over Pahoehoe lava............ 


b. Very young ash with little or no 
vegetation. 
2. Subhumid regions------------------- 


3. Moderately humid regions: 
a. Ash over Aa lava... 


b. Ash over Pahoehoe lava__.-------- 


4. Very humid regions: 
a. Ash over Aa lava_____.-.--------- 


b. Ash over Pahoehoe lava_....--..-- 


E. Bare lava bedrock: 
1. Young lava flows: 
"TIC | ————— 
b. Pahoehoe lava_._.-.-...----..--- 
2. Old rocks on very steep slopes------- 


Roekland, Molokai, Lahaina, or 
Pamoa soil material. 

Rockland, Kokokahi soil mate- 
riel. 

Rockland, Mamala soil material- 


Rockland, Aa lava with Kawai- 
hae, Waikaloa, or Naalehu 
soil material. 

Rockland, Pahoehoe lava with 
Kawaihae, Waikaloa, or Naa- 
lehu soil material. 

Rockland, Haleakala soil ma- 
terial. 

Rockland, Aa lava with Waimea 
or Hanipoe soil material. 


Rockland, Aa lava with Puu Oo, 
Maile, or Olinda soil material. 

Rockland, Pahoehoe lava with 
Puu Oo, Maile, or Olinda soil 
material. 


| Rockland, Aa lava with Keala- 
kekua, Olaa, or Ohia soil 
material. 

Rockland, Pahoehoe lava with 
Kealakekua, Olaa, or Ohia 

! soil material. 


f 
Rockland, Aa lava------------ 


Rockland, Pahoehoe lava------ E 
Rockland, very steep----------- 


Kauai, Lanai, Maui, Molokai, 
Oahu. 
Lanai, Maui, Molokai........ 


Kauai, Oahu. 


Hawaii, 
Hawaii, 


Hawaii, 


Hawaii, 
Hawai MM" 
Hawsli---:2o scEDumi4ehesz 


Hawaii, 


Hawaii, 


Hawaii, Maui____-__-------- 

Hawaii, Maui--------------- 

Hawaii, Kauai, Lanai, Maui, 
Molokai, Oahu. 


50 
30 


2, 000 
2, 000 
250 


0- 4, 000 


0- 4, 000 


10, 000-18, 000 
2, 000- 8, 000 


2, 000— 8, 000 
2, 000- 8, 000 
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0- 3,750 


0- 3,750 
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Stony land, Ewa soil material (8 to 20 percent slopes) (Sc).—-This 
unit consists of a mass of loose stones and boulders like those for 
Stony land, Alluvial soil material. The soil material that fills the 
cracks and crevices among the rocks, however, is similar to that of 
the Ewa soils in the Low Humic Latosol group. The unit occurs on 
the island of Oahu at altitudes less than 500 feet, receives 10 to 30 
inches of rainfall aunually, and is within vegetation zone A. 

The land supports a sparse stand of algaroba, and at the higher 
altitudes some lantana in association with annual grasses. Pili is the 
most prominent grass. Algaroba generally does not grow so vigorously 
nor fruit so profusely as it does on the Alluvial soils with which this 
unit is associated. The land is used for grazing or lies idle. A very 
limited amount of forage is produced. The quality, however, is high. 
Many of these areas are difficult for cattle to get over because they 
have a continuous layer of loose stones on the surface. 


Stony land, Lualualei soil material (5 to 40 percent slopes) (Se).— 
This unit consists of extremely stony land generally on talus slopes, 
that receives seepage water from the adjacent uplands. It is asso- 
ciated with soils of the Lualualei family and consists of a mass of 
boulders and rocks, among which occur small amounts of soil material 
similar to that of the Lualualei series. This material is extremely 
sticky and plastic and is presumably high in exchangeable magnesium. 
It is dark colored, but the darkness is not caused by the presence of 
large amounts of organic matter. This unit occurs on the islands of 
Kauai and Oahu at altitudes less than 500 feet and receives between 
10 and 30 inches of precipitation annually. 

This land is cither pastured or lies idle. It is commonly covered 
with dense stands of lantana near the upper limits of elevation, and 
has sparse stands of lantana and some algaroba at the lower limits. 
The growth of grasses is very sparse. The amount of forage produced 
is very low, and it is difficult for cattle to get over the land. The 
surface is a continuous litter of loose rocks. Pasture improvement 
is practically impossible. 

Stony land, Lualualei—Ewa soil material complex (5 to 30 percent 
slopes) (Sr).— This unit is mapped on the island of Oahu. It consists 
of extremely stony areas where the spaces between the rocks are 
filled with material ranging from the black, sticky plastie clays of 
the Lualualei series to the reddish-brown, friable clays typical of 
the Ewa series. The variation in soil material appears to be related 
to the occurrence of seepage water. The black, sticky clays occur 
in areas saturated by seepage water from adjacent slopes. In con- 
trast, the red friable clays occur where seepage water has sunk to 
lower strata. Except for this local difference in soil material, the 
land is similar to Stony land, Lualualei soil material and occupies 
talus slopes. 

This unit is covered with dense stands of lantana, in some places 
associated with cactus. Very little grass grows on it, and although 
cattle are allowed to range over it, they obtain little feed. Pasture 
improvement is practically impossible. 

Stony land, Kaena soil material (5 to 30 percent slopes) (Su).—This 
land type is mapped on talus slopes on the island of Oahu at altitudes 
of less than 750 feet. The rainfall ranges from 30 to 80 inches 
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annually. The unit occurs in association with the Kaena soils, and 
the soil material among the mass of rocks and boulders is similar to 
the material of that series. It is dark colored, generally sticky and 
plastic, and mottled in the lower part. The soil material is generally 
moist because it receives seepage water. The exchangeable mag- 
nesium is at least moderately high, though probably not so high as 
in soils of the Dark Magnesium Clay group. 

This land lies idle or is pastured. Much of it is covered with 
stands of lantana and guava so dense they almost exclude other 
plants. Eradication of these pests is almost impossible, yet the land 
has little grazing value as long as they are present. 


ERODED LAND TYPES 


Eroded land types were once covered by soil, but this has been 
almost completely removed by erosion and only weathered rock 
material having no genctic profile remains. The units occur mainly 
in nearly level to sloping areas. Generally, they are not extremely 
stony. Two of these eroded land types have been mapped. One 
occurs in association with the Low Humic Latosols, and the other 
with the Humic Ferruginous Latosols. 


Eroded stony land, Molokai or Lahaina soil material (5 to 30 
percent slopes) (Ec).—This land type occurs on the islands of Kauai, 
Lanai, Maui, and Molokai at elevations ranging from sea level to 
2,000 feet. It receives mainly between 10 and 30 inches of rain 
annually, but locally it extends into areas where rainfall is as high 
as 50 inches per year. The unit consists of areas that were once 
soils of the Molokai or Lahaina families but that are now so gullied 
and sheet eroded they could not be reclaimed for machine cultivation. 
Probably not all of the erosion was caused by man. 

Near the upper margins of this unit almost vertical-sided gullies 
have cut back into the undisturbed soil areas, leaving remnants of 
deep soil between them.  Farther down the slope, these little spurs 
are also eroded to varying degrees, and at still lower elevations only 
weathered bedrock is left between the gullies. Gullied normal soil, 
areas with only weathered rock, and all stages of erosion between 
these extremes are represented in this unit. In most places the 
surface is covered with many rounded rock cores left behind as the 
soil washed away. Locally, especially on the island of Lanai, the 
soil material that remains is more sticky and plastic than normal for 
Molokai or Lahaina soils and is comparable to that of the Pamoa 
series, 

Erosion is still active, but algaroba, ilima, and piligrass provide 
some stabilization. At higher elevations algaroba is replaced by 
lantana. 

This land is used only for grazing. On Molokai Ranch it was 
reported that it would carry one head for each 12 acres for about 
4 to 6 months of the year. Algaroba at the lower elevations supplies 
much of the forage; at higher elevations grasses furnish the only feed. 
The forage is of high quality, but the quantity is low. 


Eroded land, Naiwa or Mahana soil material (8 to 35 percent slopes) 
(Ea)—Soils of the Naiwa and Mahana families are subject to ex- 
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tremely serious sheet erosion but very little gullying. Where they 
are unprotected and are on appreciable slopes, the entire solum is 
soon removed and the light-colored sandy or silty weathered rock 
material is exposed. This unit consists of areas so badly eroded that 
weathered rock material is practically all that remains. The unit 
occurs on the islands of Kauai, Lanai, Molokai, and Oahu at eleva- 
tions ranging from 250 to 4,500 feet and receives 25 to 80 inches of 
rainfall yearly. 

Locally, small areas of soils normal for the Naiwa or Mahana families 
occur as small remnants on ridge crests and on the least strongly 
sloping parts. Much of the land has been regrassed. The areas now 
actively eroding are made conspicuous by the dominantly gray color 
and the few spots of brilliant red where the subsoil of Humic Ferrugi- 
nous Latosols remains. 

Much of the unit was once in pineapple, but practically all of this 
has been retired from cultivation and is now in pasture. In unim- 
proved pastures lantana dominates, but Bermudagrass is present, and 
in some places carpetgrass or paspalums. In improved pastures 
paspalums were once commonly used, but more recently kikuyu has 
been planted extensively on the island of Molokai, and to some extent 
on the island of Oahu. Kikuyu seems to be particularly suitable on 
these eroded slopes because it is aggressive and able to form a dense 
cover quickly on very poor land. On Molokai the carrying capacity 
of this unit was reported to have been increased from 15 or 20 acres 
per head to 3 or 4 acres per head by planting Napiergrass, paspalums, 
and kikuyu. Guava and lantana normally tend to crowd out most of 
the grasses, so periodic mowing for their control is one of the most 
important parts of good pasture management. 


ROUGH BROKEN LAND TYPES 


Rough broken land types are mapped on hilly, moderately steep, or 
mountainous areas where the rock is deeply weathered but there is 
little soil material. Soil development is offset by either geologic or 
man-induced erosion. 


Rough broken land—Nakalele silty clay complex (Rx).— This unit 
occurs on the islands of Maui and Oahu in regions occupied by soils 
of the Nakalele series between elevations of 100 and 2,000 feet. The 
average annual rainfall is 35 to 70 inches. 

This land type has striking erosion forms. Locally, erosion has 
removed the soil and much of the underlying weathered basalt to 
depths of as much as 50 to 100 feet, and left a peculiar "badlands" 
type of topography in which Nakalele soils occur on flat-topped up- 
land remnants 50 or 100 feet above a new and relatively level erosion 
surface. On the new land surface 6 to 12 inches of dark-brown, red, 
or, in places, black clayey decomposing basaltic lava overlies un- 
weathered rock. The upland remnants are typical of Nakalele silty 
clay as described elsewhere in this report. 

Extensive areas in this complex are bare of vegetation and actively 
eroding. Other areas, however, are uniformly grassed and apparently 
good grazing land that could be improved by planting good pasture 
species. Much of the area is now grazed, but the carrying capacity is 
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low. By planting of grasses such as kikuyu and controlling lantana 
and guava, this land might be made highly productive of pasture. 


Rough broken land, residual material (Rs)—This unit occurs on 
all of the islands surveyed at elevations ranging from sea level to 
5,000 feet. The range in rainfall is great. 

Some of this unit is grazed, and some is idle. Almost all areas are 
covered with a very dense stand of guava, which is commonly associ- 
ated with a heavy stand of grasses and sometimes with lantana. 
Hilograss and the paspalums are the most common grasses. Where 
used for grazing, this unit provides a moderate amount of low-quality 
forage. The forage is low in both total dry matter and palatability. 
The dense stands of guava prohibit improvement of pastures, and the 
steep slopes preclude use of machinery for controlling shrubs. 


Rough broken land, alluvial material (15 to 50 percent slopes) 
(Re).—This land type consists of highly dissected old terraces. It 
occurs on the islands of Kauai and Oahu at elevations between 50 to 
1,000 feet. The average annual rainfall ranges from 40 to 200 inches. 
This unit occurs in the region occupied by Lolekaa and Kaneohe soils, 
which were derived from alluvium. Numerous streams that head in 
this region have dissected the areas occupied by this land type and 
created a generally dendritic network of steep-sided drainageways, 
separated by narrow gently sloping ridge crests. The normal Lolekaa 
or Kaneohe soils oceur on these narrow terrace remnants, and locally 
have slopes of only 5 to 8 percent. On the sides of the drainageways, 
however, the soil consists of a 6- or 8-inch granular silty clay A; 
horizon over a mass of weathered gravel and cobbles. These gravelly 
materials retain their original structure but are so weathered they can 
be crushed between the fingers. 


ROCKLAND TYPES WITH WEATHERED ROCK MATERIAL 


These land types have solid bedrock outcrops that commonly 
occupy more than half of the total area. Among the rock outcrops 
there is a limited amount of weathered rock material derived from the 
underlying lavas or limestone that provides some foothold for plants. 
Land types in this group are differentiated according to the character 
of the weathered material. 


Rockland, Molokai, Lahaina, or Pamoa soil material (20 to 100 
percent slopes) (Rx).— This unit consists of almost continuous bed- 
rock outcrop. It occurs in dry areas on the islands of Kauai, Lanai, 
Maui, Molokai, and Oahu at elevations ranging from sea level to 
2,000 feet. The annual precipitation ranges from 10 to 50 inches, but 
the land absorbs little water, and the vegetation is the kind found in 
even drier regions. 

Pockets of weathered rock material are found in cracks and crevices 
of the rock or in some places as a thin layer that covers fairly large 
areas. This material ranges from the red very friable clay of the 
Molokai or Lahaina serics to the brown somewhat plastic clay of the 
Pamoa series. In most places this material is soft enough to be 
crushed between the fingers, but much of it retains the original rock 
structure. Locally a thin A; horizon low in organic matter has 
developed, but many areas have no recognizable A, horizon. 
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The land supports a sparse stand of lantana and some grasses, or, 
at the lowest elevations, scattered algaroba and some piligrass. It 
occurs mainly in areas used for grazing, but it provides little forage, 
and in many areas cattle are not able to get over it because slopes are 
too steep. 


Rockland, Kokokahi soil material (5 to 30 percent slopes) (Re).— 
This land type occurs in places similar to those occupied by Rock- 
land, Molokai, Lahaina or Pamoa soil material, but the unconsolidated 
material for this unit is black, consists of extremely sticky and plastic 
clay typical of the soil material of the Dark Magnesium Clay group. 
The unit occurs on Lanai, Maui, and Molokai at elevations ranging 
from sea level to 2,000 feet. The annual precipitation ranges from 
10 to 80 inches. Locally, extremely steep-sided gorges have been 
included. 

Bedrock outcrop occupies 30 to 80 percent of the land surface. 
Between the outcrops, the soil is similar to that of the very shallow 
phase of the Kokokahi series. The surface layer is very dark-gray, 
massive or very coarsely blocky, extremely sticky and plastic clay. 
When this clay dries it commonly breaks into blocks 6 to 18 inches 
across. When these blocks are pried loose, one finds, at a depth of 
4 E 6 inches, light-gray moist sticky plastic clay that can be molded 
easily. 

The unconsolidated material ranges from an inch to as much as 30 
inches deep in the deepest pockets. The average depth is between 6 
and 10 inches. At the contact with the well-preserved vesicular 
basalt there is a dark-gray layer of vesicular rock, 2 to 6 inches thick. 
Usually there are encrustations of lime on the rocks, and less fre- 
quently, streaks within the soil The rock is highly vesicular and 
commonly contains large phenocrysts of olivine. 

The soil-covered areas support scrubby, poor-fruiting algaroba and 
a few annual grasses. The carrying capacity is very low. 


Rockland, Mamala soil material (0 to 25 percent slopes) (RH).— 
This unit consists of coral limestone and very small amounts of 
weathered limestone material or alluvium. The alluvium or limestone 
material occurs in cracks and crevices or locally as a very thin layer 
on the level surface of the rock. This unit is found on the islands of 
Kauai and Oahu at elevations of less than 250 feet. The annual 
precipitation ranges from 10 to 40 inches. Generally there is enough 
red or brown friable clayey material in small depressions on the rock 
or in the cracks and crevices to support a fairly dense stand of heavy- 
fruiting algaroba. In some places cactus is prominent. 

This land is used for grazing or lies idle. Its carrying capacity 
ranges from extremely low, where there is little or no soil material, 
to moderate where the soil material is sufficient to afford rooting for 
p stands of algaroba. Algaroba fruit is the principal source of 

orage. 


ROCKLAND TYPES WITH VOLCANIC ASH 


These land types consist of very young almost unweathered lavas 
that have a very thin covering of volcanic ash. The volcanic ash has 
accumulated in pockets, cracks, and crevices in the rock. More than 
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half of the land surface is bare lava. The soil among the many bed- 
rock outcrops is dominantly very shallow, commonly 1 to 10 inches 
thick. In some places, particularly on the rough broken lavas of the 
Aa type, this soil material may extend deeply into cracks and crevices 
and afford a considerable volume for the rooting of plants. The soil- 
covered areas support vegetation typical of the climatic zone in which 
they occur. 

The land types within this group are differentiated first on the 
basis of kind of soil material present, which corresponds to differences 
in climatic zones. They are differentiated further according to the 
character of the underlying bedrock, as that determines whether the 
small amount of soil occurs as a very thin layer of relatively uniform 
thickness, or as a layer that extends deeply into cracks and crevices. 


Rockland, Aa lava with Kawaihae, Waikaloa, or Naalehu soil 
material (Re).—This unit is made up of young lavas with a very thin 
cover of volcanic ash. It occurs in dry regions occupied by Red 
Desert and Reddish Brown soils on the islands of Hawaii, Maui, and 
Molokai. Elevations range from sea level to 4,000 feet, and the rain- 
fall from 10 to 50 inches per year. The amount of soil material is 
small; it covers less than half of the land surface but extends deeply 
into cracks and crevices in the rough broken surface of the underlying 
Aa lava, This contrasts with the uniformly thin layer of soil material 
over Pahoehoe lava in the unit next described. 

Where soil occurs, it averages less than 10 inches deep, but ranges 
from a fraction of an inch to as much as 2 feet deep within a very 
short distance. In the drier regions there is 1 or 2 inches of very weakly 
developed A, horizon, but at the higher elevations and in wetter regions 
typical of the Reddish Brown soils, there is 6 or 8 inches of moderately 
well developed Ay. Commonly the A, horizon rests directly on solid 
bedrock, but in the cracks and crevices of this rough, broken lava, 
soil material typical of Kawaihae, Waikaloa, or Naalehu soils may 
extend to depths of 2 feet. 

In the drier areas and at the lower elevations, this unit supports a 
few scrubby algaroba trees, the small shrub, ilima, and annual grasses. 
At the higher elevations it supports fair to good stands of Bermuda- 
grass and Natal redtop in association with cactus and Jantana. The 
vegetation grows only on the soil-covered areas. 

All of this land is used for grazing. It provides little forage, but 
that produced is of very high quality. Nevertheless, this unit is 
more productive of forage than the comparable land type over Pahoo- 
hoe lava, because enough soil extends into cracks in the rock to provide 
fair moisture-holding capacity and prolong the growth of forage plants 
after rains. 


Rockland, Pahoehoe lava with Kawaihae, Waikaloa, or Naalehu soil 
material (Rw).—This unit is similar to Rockland, Aa lava with 
Kawaihae, Waikaloa, or Naalehu soil material except that the under- 
lying bedrock is of the Pahoehoe type and is relatively smooth and 
unbroken. Consequently, the soil on this unit is confined to a thin 
layer ranging from an inch to as much as 10 inches thick. In most 
places the soil layer is about 4 to 6 inches thick. 

The soil profile is essentially an A, horizon over solid bedrock. 
At the lower elevations the A, horizon is very weakly developed, but 
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at the higher it is strongly developed and similar to the A; of the 
Reddish Brown soils. 

This unit occurs on the islands of Hawaii and Maui at elevations 
ranging from sea level to 4,000 feet. Rainfall ranges from 10 to 50 
inches per year. At the lower elevations the soil supports mainly 
annual grasses, an occasional algaroba tree, and small shrubs. At 
the higher elevations the soil-covered parts support fairly good stands 
of Bermudagrass and Natal redtop in association with lantana and 
some cactus. The carrying capacity is extremely low, as more than 
half of the land has no vegetation and those areas that do have a plant 
cover are extremely droughty. 


Rockland, Haleakala soil material (Rr).—This unit consists of 
young lavas on the tops of the highest mountains, that have a very 
thin covering of volcanic ash. It occurs on Haleakala on the island 
of Maui, and on Mauna Kea on the island of Hawaii. Altitudes 
range from 10,000 to 13,000 feet. More than half of the area is bare 
bedrock; the rest has a very thin cover of volcanic ash. Practically 
no vegetation except mosses, lichens, and an occasional small shrub 
or clump of grass is found on this unit. Differences in the character 
of the underlying bedrock were not considered in mapping this unit. 


Rockland, Aa lava with Waimea or Hanipoe soil material (Rr).—- 
This land type consists of young lavas that have a very thin covering 
of volcanic ash. It occurs on the islands of Hawaii and Maui in the 
regions occupied by Reddish Prairie soils and Latosolic Brown Forest 
soils. Altitudes range from 2,000 to 8,000 feet, and the annual 
precipitation from 25 to 50 inches. 

More than half the land consists of bare bedrock outcrops, generally 
of rough and broken Aa lava. The rest has a very thin covering of 
volcanic ash in which a strongly developed A, horizon has formed. 
Commonly the A, horizon is a dark-brown fine sandy loam that rests 
directly on unweathered bedrock. Locally, however, the A, extends 
deeply into the cracks and crevices in the rough, broken Aa lava and 
is typical of the material in the subsoil of soils of the Waimea or 
Hanipoe series. 

The soil-covered areas support a good stand of grasses. Bermuda- 
grass is dominant in most of the area, but velvetgrass and bluegrass 
may be prominent where this land joins soils of the Hanipoe series. 
This unit provides moderate amounts of high quality forage. Although 
its carrying capacity is low, compared to that of deeper soils in the 
same region, this unit is fair grazing land. It is droughty, but normally 
occurs at high elevations where moisture less frequently limits growth 
than it does in the lower lying warmer parts of the Islands. 


Rockland, Aa lava with Puu Oo, Maile, or Olinda soil material 
(R»).— This unit consists of young lavas that have a very thin covering 
of voleanic ash. It occurs in the region oecupied by Latosolic Brown 
Forest soils. More than half of the land surface is bare bedrock out- 
crop; the rest has a covering of volcanic ash that averages between 
4 and 6 inches thick but extends deeply into cracks and crevices in 
the underlying rough broken Aa lava. Much more soil material is 
present than in the corresponding type over Pahoehoe lava, and the 
water-holding capacity is correspondingly greater. Generally a very 
dark-brown to black fine sandy loam or silt loam A, horizon rests 
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directly on solid bedrock. The material typical of that of Puu Oo, 
Olinda, or Maile soils. 

This unit occurs on the island of Hawaii at altitudes ranging from 
2,000 to 8,000 feet. Rainfall ranges from 40 to 120 inches per year. 
The soil-covered areas support good stands of grasses typical of this 
climatic zone. Among these are Yorkshire fog, rattail, sweet vernal, 
and some bluegrass. The ranchers estimated the carrying capacity of 
the unimproved areas at about half of that for the associated deep 
soils. Pasture improvement is practically impossible because of the 
high proportion of bedrock outcrop and the rough, broken topography. 
Some places are so rough it is difficult for animals to get over them. 


Rockland, Pahoehoe lava with Puu Oo, Maile, or Olinda soil 
material (Ro).—This unit is similar to Rockland, Aa lava with Puu 
Oo, Maile, or Olinda soil material, but it overlies tho relatively un- 
broken smooth surface of the Pahoehoe lava. Consequently, the 
soil material does not extend deeply into cracks and crevices. In the 
soil-covered areas there is generally a 4 to 6 inch layer of very dark- 
brown or almost black A; horizon that rests directly on bedrock. 
More than half of the land is bare bedrock outcrop. 

The carrying capacity of pasture on this unit is generally less than 
on the comparable unit over Aa lava. Plant roots cannot penetrate 
deeply, and moisture supplies are correspondingly limited. The 
unit supports the same kinds of grasses as occur on the deeper soils 
of this same climatic zone but carries a higher proportion of sweet 
vernal and other less desirable species. "This unit is easier to get over 
than is the corresponding type over Aa lava, but produces less. It 
occurs on the island of Hawaii at altitudes of 2,000 to 8,000 feet. 
The annual precipitation ranges from 40 to 120 inches. 


Rockland, Aa lava with Kealakekua, Olaa, or Ohia soil material 
(Re).—This land type consists of young lava with a thin covering of 
volcanic ash. It occurs in very wet regions on the islands of Hawaii 
and Maui at elevations ranging from sea level to 3,750 feet. The 
annual precipitation ranges from 80 to 200 inches. More than half 
of the land surface is occupied by bare bedrock outcrop. The rest 
has a thin covering of volcanic ash that extends into cracks and crevices 
in the rough, broken, underlying Aa lava. The bedrock outcrops 
are rough, broken, and difficult to get over. 

Some parts of this unit are forested, and others are pastured. In 
a few places, sugarcane was once grown by hand labor, but these have 
been abandoned. The forested areas support heavy stands of ohia 
and associated ferns. In the wetter parts, even the bedrock outcrops 
are covered with mosses and ferns. In the pastured areas Hilograss 
is dominant, but guava has infested most of the cleared areas. Stag- 
horn fern and a creeping weed, honohono, form almost impenetrable 
masses of vegetation in some areas. 

This land type is difficult to cultivate, and pastures are of very 
poor quality. The forage is low in both palatability and total dry 
matter and is very poor for fattening cattle. Production on the 
soil-covered parts of the unit is probably as great as in unimproved 
pastures on deeper soils in the same vegetation zone. Moisture is 
seldom a limiting factor in these high-rainfall areas, but the carrying 
capacity is low because of the high proportion of weeds and shrubs, 
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which cannot be controlled on this unit of rough broken soil and 
bedrock outerop. Some areas at lower elevations are being developed 
for macadamia nuts, coffee, and pastures. 


Rockland, Paboehoe lava with Kealakekua, Olaa, or Ohia soil 
material (Rx).—This unit is similar to the comparable land type over 
e EN but the underlying lava is relatively smooth, not rough and 

roken. 

Soil material cannot extend deeply into cracks and crevices. Gen- 
erally, the soil consists of a 2- to 6-inch layer of very dark brown or, 
in some places, almost black silt loam or silty clay loam high in organic 
matter and generally saturated with water. In many places in small 
depressions there is evidence of restricted internal drainage. 

The bedrock outcrops on this type are bare of any vegetation except 
mosses and lichens. In some places staghorn fern may cover these 
areas. In forested areas the cover is generally less dense than that on 
the land type over Aa lava. In pastured areas more than half of the 
land surface is essentially bare of vegetation. The soil-covered parts 
support mainly Hilograss, in association with guava and various kinds 
of ferns. It is very difficult to improve pastures or control guava 
or other shrubs on this land. The carrying capacity is low, and the 
forage is of poor quality. 


ROCKLAND TYPES, BARREN 


Rockland types, barren, consist of lava that has practically no soil 
covering of any kind. They are essentially bare of vegetation. Three 
types have been differentiated on the basis of character of the lava, 
for the kind of lava affects the ease of getting over the land. 


Rockland, Aa lava (Ra).—This land type consists of young lava 
flows of the Aa type, some of which have been laid down in historic 
time. There is practically no soil covering. In a few places fine 
material may occur in pockets in the rock. The surface of this lava 
is rough and broken, and travel must be done mainly on trails. It is 
almost impossible for a man to cross some of these flows on foot. They 
are a mass of clinkery, hard, glassy, sharp pieces of lava piled in 
tumbled heaps and filled with cracks, crevices and caverns. In some 
of the older areas, the sharp edges have been worn off the lava frag- 
ments and the particles detached help to fill some of the cracks in the 
rock. In these places, travel is somewhat easier, but in most places 
it still must be done mainly on trails. 

This unit occurs on the islands of Hawaii and Maui at elevations 
ranging from sea level to 13,000 feet. The annual precipitation ranges 
from 10 to 250 inches. In the wetter regions there may be some 
vegetation in cracks and crevices. In the drier regions vegetation is 
almost entirely absent. 


Rockland, Pahoehoe lava (Kr).— This unit consists of young 
Pahoehoe flows on the islands of Hawaii and Maui at elevations 
ranging from sea level to 13,000 feet. The annual precipitation ranges 
from 10 to 250 inches. The surface of these flows is relatively smooth, 
and in many places man or domestic animals can travel for long dis- 
tances on what amounts to a pavement of smooth, ropy, glassy sur- 
faced lava. Locally, rough and broken areas are included, but for 
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the most part it is easy to get across areas of this unit. In the wetter 
regions, an occasional ohia tree grows in a crack in the rock, or the 
rock may be covered with mosses or lichen. There is no dense 
tropical forest, however. In the drier regions the area is barren. 


Rockland, very steep (40 to 100 percent slopes) (RP).—In this unit 
are steep sides of mountains and precipitous cliffs along steep gorges. 
It consists of almost continuous outcrop of older lavas that are 
practically bare of soil material. The unit occurs on all of the islands 
surveyed at clevations ranging from sea level to 8,000 feet. The 
annual rainfall ranges from 10 to 350 inches or more per year. In 
some places this land type occurs as almost vertical-sided gorges, and 
in others, as very steeply sloping mountainsides. 

In the dry regions the land is essentially bare except for an occasional 
clump of grass or a shrub in small pockets of soil. In the wetter 
regions, even on slopes of more than 100 percent, trees, vines, and ferns 
commonly gain foothold in the cracks and crevices in the rock and 
form an almost continuous green covering. Practically no soil is 
present, however. This unit is almost impassable except on trails. 


MISCELLANEOUS LAND TYPES 


This group includes marshes and man-made land not classified in 
the preceding sections. The units occur only on the island of Oahu. 


Marsh (M2n).—Water stands on the surface of this unit, but 
marsh vegetation grows in the water. Some areas with open water 
near the center have been included. This unit occurs on low-lying areas 
along the coastal plains of Oahu und consists, for the most part, of fresh- 
water marsh. Locally,near the sea, the water may be slightly brackish. 


Made land (Ma).—This unit consists of a variety of materials in 
man-made fills. Most of it is near Honolulu and Pearl Harbor, where 
land has been reclaimed from marshes or low-lying coastal flats by 
dredging or by filling with material excavated from the adjacent 
uplands. Most of the unit is used for urban development, airports, 
and industrial establishments. 

The unit also includes areas west of Pearl Harbor where unconsoli- 
dated materials have been deposited by man over rockland, Mamala 
soil material. The materials deposited are of two types. One kind, 
which might be called controlled alluvium, is carried by rapidly run- 
ning waters from the uplands and then deposited on almost bare coral 
limestone by controlling the flow of water to the desired localities. 
In this way a 6- to 10-inch layer of unconsolidated material has been 
built up, and at the time of survey these areas were used for cane with 
good success. "The land is practically level. 

The other type is made by dumping a thick layer of “mud-press”’ 
from the cane mills over coral limestone or over Rockland, Mamala 
soil material. The resulting material is a mixture of the reddish- 
brown soil typical of these areas and the very dark-gray mud press. 
The result is a light textured clay loam that contains numerous 
fragments of calcareous rock. These mud-press areas were used for 
cane at the time of survey with good success. 

Most areas of both types of deposits were retired from cane during 
World War II. 
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APPENDIX 


ALPHABETICAL GUIDE TO UNITS SHOWN ON THE DETAILED SOIL MAP 
AND ACREAGE AND PROPORTIONATE EXTENT OF EACH UNIT 


Akaka family, very shallow phases..__..-_-__..---- 
Akaka family, very shallow phases-Aa lava com- 
Akaka silty clay, phases undifferentiated... 
Akaka silty aes broken land complex...... 


Alaeloa Era clay, gently cone phase a 
Alaeloa silty clay, severely eroded moderately 
steep DUNG ue escecuqecied cedo cb gu DRE BET 
Alaeloa silty clay, severely eroded rolling phase... 
Alaeloa silty clay, sloping phase... TRE 
Alakai peat-Amalu clay complex. ....... Suis 
Alili fine sandy loam, slopes undifferentiated... ___ 
Alili silty clay loam, slopes undifferentiated- ------ 
Amalu clay- LAlakai peat-rough broken land com- 
PIES edP E ERR 
Amalu elay-rough broken land complex. .... 
Apakuie stony sandy loam, phases undifferentiated... 
Apakuie stony sandy loam —rockland eomplex.... 
Catano loamy Band ... o ee eens eee we 
Catano loamy sand-Molokai silty clay complex____ 
Catano CRs Ss 2 SU ee as amet -——— 
Catano sand-Alluvial soil complex_.._-....------ 
Catano sand, dune phase___.--...-.--...-----.- 
Catano sand-salty soilecomplex... ... 2.2... s.l 
Eroded land, Naiwa or Mahana soil material______ 
NUM stony land, Molokai or Lahaina soil ma- 
terial 


Ewa very stony elay oao. phases undifferentiated. 
Haiku family, severely eroded phases............ 
Haiku silty clay, eroded hilly and steep phases... 
Haiku silty clay, eroded moderately steep phase... 
Haiku silty clay, eroded rolling phase- ----------- 
Haiku silty clay, eroded sloping phase--~--------- 
Haiku silty clay, gently sloping phase... 
Haiku silty clay, gently sloping phase- Uaoa silt 
loam complex... 8 oe ee 
Halawa silty clay, gently sloping phase----------- 
Halawa silty clay, phases undifferentiated_._____- 
Halawa silty clay, sloping phase--~--~----------- 
Haleakala cinders and ash... cssc coll 
Haleakala famiiy, very shallow phases- ---------- 
Halii gravelly silty elay, gently sloping and sloping 
(rro -———-—— "C: 
Halii gravelly silty clay, eroded moderately steep 
jo MER RN 
Haliimaile silty clay loam, eroded sloping phase... 
Haliimaile silty clay loam, sloping phase..-.-.---- 
Hamakuapoko silty clay, eroded sloping phase... 
Hamakuapoko silty clay, sloping phase... 
Hanalei cindery silt loam__..-_-__.------- NM 
Hanalaiclay losin... ooo. ea eese mr ote 
Hanaleisiltloam..... a 2-2 -- 22 - ewan eee 
Hanalei silt loam, shallow phase. ..___.---...--- 


1 Less than 0,01 percent. 
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Map 


symbol Page 


AA 


423 


Acres 
24, 121 


Per- 
cent 
0. 60 
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Map 
symbol Page 
Hanalei silt loam, very shallow phase- ---~------- Hx 607 
Hanalei very stony loam and clay loam_____---___ Hr 608 
Hanipoe family, steep phases- ------------------ Hz 530 
Hanipoe family, very shallow phases... .. H2a 531 
Hanipoe fine sandy loam, sloping and moderately 
steep phases__..-..--_--..---------- eee ee H2» 525 
Hanipoe loam, moderately steep phase_.__--.__-_ H2c 528 
Hauula paddy SOUS e ee os Sele ee a, H2p 570 
Heake gravelly loam, gently sloping phase... . H2n 622 
Heake gravellv loam, very shallow phase... ..... H2r 622 
Hilo family, steep phases. Nm APT quM H2a 404 
Hilo family, very shallow phases-Aa lava complex. H2 402 
Hilo family, very shallow phases-Pahoehoe lava 
(0007 Mem CEPR H2x 403 
Hilo silty clay loam, gently sloping phase.------- H2m 397 
Hilo silty clay loam, sloping phase... c coul. H2n 397 
Honokaa, Ookala, and Kealakekua families, steep 
joate e 26 scc tees ce Kote H2» 409 
Honokaa silty clay loam, gently sloping phase... H2r 406 
Honokaa silty clay loam, hilly phase.----------- H2s 408 
Honokaa silty clay loam, knobby phase... ...... H2vT 407 
Honokaa silty clay loam, "phases undifferentiated.. H2u 408 
Honokaa silty clay loam, sloping phase_--._..____ H2v 407 
Honolua silty clay, eroded sloping phase_._.__... H2w 337 
Honolua silty clay, gently sloping phase___.._... H2x 336 
Honolua silty clay, phases undifferentiated_______ H2y 338 
Honolua silty clay, severely eroded phase........ H2z 337 
Honolua silty clay, sloping phase____.-.-.-.--__ H8a 336 
Honomanu silty clay, phases undifferentiated. .. H8n 390 
Honouliuli clay... 22 cL Lc ee 556 
Honouliuli silty elay- ---------- 556 
Honouliuli stony clay 557 
Honuaulu clay loam, sloping phase_......--_-_..- Hac 373 
Honuaulu clay loam, very shallow phase-Aa lava 
vol D "MINI" Hab 375 
Honuaulu clay loam, very shallow phase over Aa 
rc EE Hue 373 
Honuaulu clay loam, very shallow phase over 
Pahoehoe lava..___--.------..------------- Hur 374 
Honuaulu clay loam, very shallow phase-Pahochoe 
lava Comple a. carlin Se Gite ne nc RR ws ee Hue 375 
Hoolehua clay, nearly level and gently sloping 
PIAS Me ee eee oie eho a cele Han 264 
Hoolehua silty clay, eroded sloping phase_______- Hm 263 
Hoolehua silty clay, nearly level and gently sloping 
Phas6$ oe ets e weet tous en See boeeecedues Hus 262 
Huikau sand and loamy sand.___.-...-___-..- Hux 616 
Huikau stony sand__-~-..-----.------ 2 _-- Hut 616 
Tao clay loam, gently sloping phase------------- Ta 596 
lao silty clay, gently sloping phase__..______. -- IB 596 
Io cindery loam, slopes undifferentiated - Ic 510 
Kaena clay, gently sloping and sloping phases.... Ka 503 
Kaena silty clay, gently sloping and sloping phases. Ks 563 
Kaena very stony clay and silty clay, phases un- 
differentiated... LL LL -aM Kc 564 
Kahana series, steep phases__.___-_.-..____- -. Kn 287 
Kahana silty clay, eroded sloping phase. ........ Kx 284 
Kahana silty clay, gently sloping phase.______-__ Kr 283 
Kahana silty clay, sloping phase____.__-__..---- Ka 283 
Kahana silty clay, eroded moderately steep phase. K12 284 
Kahana silty clay loam, gently sloping phase..... Ku 282 
Kahana stony clay loam, shallow phase_____-___ Kr 287 
Kahana stony silty clay, eroded moderately steep 
| one che NOx Kr 286 


! Less than 0.01 percent. 
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Kahana stony silty clay, eroded sloping phase... Kx 
Kahana stony silty clay, gently sloping phase-._. Kr 
Kahana stony silty clay, severely eroded phase... Km 
Kahaniki stony silty clay loam, phases undifferenti- 
MMOs oo. eee see eae ee See ease Kn 
Kahuku silty clay, gently sloping and sloping 
pl i ————— EE Ko 
Kahuku stony silty clay, gently sloping and sloping 
phases- ------------------------- EREE Ke 
Kailua silty clay, sloping phase-.---...--.------ Ka 
Kaiwiki silty clay loam, sloping phase Kr 
Kalapana sand.......- Bl Ne MN eer N Ks 


Kalihi clay -—--cunmm Ae T9 aalies Kr 
Kalihi very stony clay--~------------ TN 
Kaloko clay___..._-_-...--------- le 

Kaloko clay, very shallow phase..---...-- 

Kamakoa sandy loam and loam- - 
Kamakoa very stony loam_._------------------ 


Kamananui silty clay, gently sloping phase. ..... Kz 
Kamaoa silty clay loam, sloping phase_-_----.--- K24 
Kaneohe silty clay, gently sloping phase...---..- K25 
Kaneohe silty clay, sloping phase..._...--------- K2c 
Kapapala fine sandy loam, sloping phase-------- K2p 
Kapapala loam, gently sloping phase------------ K2xn 
Kapapala loam, sloping and moderately steep 
pro M ———— K2r 


Kapoho family, steep phases- ------------ 
Kapoho family, very shallow phases--__...----- 
Kapoho silt loam, gently sloping phase 
Kapoho silt loam, gently sloping shallow phase... K2m 
Kapoho silty clay loam, gently sloping shallow 


P cau ee E S Kan 
Kapoho silty clay loam, sloping phase--........-- K2r» 
Kawaihae family, very shallow phases-Aa lava 

complex. 2 coco ene cake umen ede c asser uns K2r 
Kawaihae stony loam, moderately steep phase... K2s 
Kawaihae stony loam, sloping phase----......._  K2r 
Kawaihapai clay loam_.---_.------------------ K2u 
Kawaihapai loam and sandy loam.............- K2v 
Kawaihapai silt loam- ----~-------------------- K2w 
Kawaihapai silty clay_--..-_------------------ K2x 
Kawaihapai very stony clay loam--------------- K2y 
Kawaihapai very stony loam_____-------------- K2z 
Keaau clay. .cescccncoc noes cues modd 2. BBA 
Keaau stony clay, very shallow phase_...__.---- K3s 
Keaau silty clay, gently sloping phase----------- K3c 
Keahua stony silty clay, eroded gently sloping 

|)r MN" ed ——— K3p 
Keahua stony silty clay, eroded sloping phase. ---- Kra 
Keahua stony silty clay, shallow phase._-___--.-- Kx» 
Kealakekua silty clay loam, sloping phase-------- Kxe 
Kealakekua silty clay loam, very shallow phase-Aa 

lava complex_....-__-.-~------------------- Kxp 
Kealakekua silty clay loam, very shallow phase 

over Ag lava. oun. cssseceserubaseeecee nen Kxe 
Kealakekua silty clay loam, very shallow phase 

over Pahoehoe lava__----.------------------ Kxr 
Kealakekua silty clay loam, very shallow phase- 

Pahoehoe lava complex._____..---_.---------- Kra 
Keanae silty clay loam_._-...---------- ead KEH 


Keekee loamy sand_.____.-------------------- 
Keekee stony loamy sand 
Kilauea sand, dune phase 
Kilauea sands and gravel_...------------..---- 

Kilohana cindery loam, einder-cone phase--.----- Kxm 


1 Less than 0.01 percent. 
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Kilohana cindery loam, phases undifferentiated___ 
Kilohana fine sandy loam, phases undifferentiated _ 
Kilohana loamy sand, phases undifferentiated... 
Kohala family, steep phases-------------------- 
Kohala silty clay, gently sloping phase______--__ 
Kohala silty clay, shallow phase 
Kohala silty clay, sloping phase. ____.-.-..---.~-- 
Kokokahi clay, phases undifferentiated.._________ 
Kokokahi very stony clay, phases undifferentiated. 
Koko silt loam, phases undifferentiated...______- 
Koko silty clay loam, phases undifferentiated- .... 
Kolekole silty clay loam, gently sloping phase... 
Kolekole silty clay loam, sloping phase... .... 
Koolau silty clay, phases undifferentiated ___....__ 
Kukaiau silty clay loam, gently sloping phase... 
Kukaiau silty clay loam, moderately steep phase _ 
Kukaiau silty clay loam, sloping phase 
Külani Cle c— 

Kunia silty clay, gently sloping phase....... 

Kunia silty clay, sloping phase-______--_.-----_- 
Kunuweia stony silt loam, phases undifferentiated . 
Lahaina silty clay, eroded gently sloping phase. -__ 
Lahaina silty clay, eroded moderately steep phase__ 
Lahaina silty clay, eroded sloping phase 
Lahaina silty clay, gently sloping phase 


Lahaina silty clay, phases undifferentiated AME 
Lahaina silty clay, sloping phase____-.-------- - 
Lahaina silty clay, wind-eroded phase........... 
Lahaina stony silty clay, eroded sloping phase... 
Lahaina very stony silty clay, eroded phase 
ale Glay eR cepe eec ee SEK 
Laie clay loam___-_..---------.-------------- 
Laina very stony silty clay, phases undifferentiated 
Lolekaa silty clay, gently sloping phase-....--..- 
Lolekaa silty clay, gently sloping shallow phasta " 
Lolekaa silty clay, nearly level phase---------- 
Lolekaa silty clay, sloping phase__._---__-__--_- 
Lolekaa stony silty clay, eroded sloping phase... 
Lowland peat and muck_.____--__---- p ERN 
Lualualei clay, phases undifferentiated_.________- 
Lualualei very stony clay, phases undifferentiated- 
Madennd.- c... ccexllecZ Ré eet 
Mahana silt loam, eroded gently sloping phase- -- 
Mahana silt loam, eroded sloping phase......--.- 
Mahana silt loam, gently sloping phase.____.--~_ 
Mahana silt loam, severely eroded phase- -~--~ 
Mahana silt loam, wind-eroded phase. .......... 
Maile silty clay loam, gently sloping phase......- 
Maile silty clay loam, hilly phase_-------- 
Maile silty clay loam, knobby phase_-_-___-.--~- 
Maile silty clay loam, nearly level phase... .. 
Maile silty clay loam, ‘sloping and moderately steep 
JO o ae pr IR 
Maile silty clay loam, steep phase____--------~- 
Maile stony silty clay loam, shallow phase....... 
Makalapa clay slopes, undifferentiated 
Makalapa clay, very shallow phase___-.-------- 
Makalapa clay loam, slopes undifferentiated- -~-~ 
Makakupa stony clay loam, moderately steep 
phases. coo-umlo-o 2s 
Makakupa stony clay loam, sloping phase... ... 
Makawao silty clay loam, gently sloping phase... 
Makawao silty clay loam, sloping phase 


1 Less than 0.01 percent. 
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Makena loam and silt loam, phases undifferenti- 
ERES PAER pees eos ele ades 
Makiki clay loam, nearly level phase__ & 
Mala silty clay... -oem.moclsedlcenee Re ERER 
Maliko silty clay___-_-.-.-.-.----.-.--------- 
Mamnalaclayz-.-.e 2x4 gne ERARE saa 
Mamala clay, very shallow phase... —— 
Mamala silty clay loam...---_----.--.-_-.---- 
Mamala silty clay loam, very shallow phase... 
Manahaa loam, sloping phase_._.-.__-__------- 
Manahaa loam, very shallow phase-Aa lava com- 


CONE P————Á———— moma 
Manana silty elay loam, eroded moderately steep 
phase... 
Manana silty clay loam, eroded rolling phase_____ 
Manana silty clay loam, gently sloping phase... 
Manoa stony clay loam, nearly level phase_______ 
Manu gravelly loam, gently sloping phase... 
Oe ue. cae) ec aes iat Cun erate e cq d Gaels 
Moaula silty clay loam, gently sloping phase... 
Moaula silty clay loam, sloping phase._.-.-.__-_ 
Moaula stony silty clay loam, sloping phase.__.__ 
Mokuleis cluy. La sac ies e cm donee aun 
Mokuleia clay loam_-_-_._----- 
Mokuleia clay, shallow phase 
Mokuleia loam and fine sandy loam___-.--.___~- 
Mokuleia silt loaMm-~----------------------2--- 
Molokai clay, gently sloping phase_____.---.__-. 
Molokai silty clay, gently sloping phase___-___-~_ 
Molokai silty clay, nearly level phase_____._.___ 
Molokai silty clay, eroded sloping phase--------- 
Molokai silty clay, eroded moderately steep phase_ 
Molokai silty clay, phases undifferentiated ._____- 
Molokai silty clay, sloping phase- -------------- 
Molokai silty clay loam, gently sloping phase... 
Molokai stony silty clay, eroded gently sloping 

DNOSC! on Soe, C2 otc eo Gee eee es 
Molokai stony silty clay, eroded sloping phase. ... 
Molokai very stony silty clay, phases undifferen- 

D.  -—pop pu "n 
Naalehu family, very shallow phases... ... 
Naalehu family, very shallow phases-Aa lava com- 


Naalehu family, very shallow phases-Pahoehoe 

lava. complex..zs--sss-ceseceesmcenme cur 
Naalehu silty clay, sloping phase... 
Naiwa family, severely eroded phases...______._- 
Naiwa silt loam, eroded gently sloping phase... -_ 
Naiwa silt loam, eroded sloping phase--~--------- 
Naiwa silt loam, gently sloping phase.___------- 
Naiwa silt loam, phases undifferentiated.. -- 
Naiwa silty clay loam, gently sloping phase... .. 
Nakalele silty clay, gently sloping phase._.______ 
Niulii silty clay, moderately steep shallow phase... 
Niulii silty clay, sloping and moderately steep phases- 
Niulii silty clay, steep phase- ------------------ 
Niupea silty clay loam, sloping phase. .........— 
Nohilisilty GAY ooo ce eene oe ce eed 
Ro I. —————" 
Nonopahu clay- Molokai silty clay complex... 
Ohia silty clay loam, gently sloping phase... 
Olaa stony silty clay loam, gently sloping phase- 
Olaa stony silty clay loam, moderately steep phase_ 


1 Less than 0. 01 percent. 
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Olinda family, very shallow phases.___.-.--_--- 
Olinda family, very shallow phases—Aa lava complex. 
Olinda family, very shallow phases-Pahoehoe lava 

COMPE .sossesto set bees e wee ewes, 
Olinda loam, moderately steep phase------------ 
Olinda loam, sloping phase_.___.-....-.__.-__- 
Ookala and Honokaa families, shallow phases -__- 
Ookala and Honokaa families, very shallow phases_ 
Ookala silty clay loam, gently sloping phase. .____ 
Ookala silty clay loam, sloping phase__._._-.-_._ 
Paaloa silty clay, gently sloping phase... ......... 
Paaloa silty clay, sloping phase___.-_--._.___---_ 
Paahuau series, steep phases._---__ MERE 
Paauhau silty clay loam, gently sloping phase... 
Paauhau silty clay loam, sloping phase.-........ 
Paahuau stony silty clay loam, sloping phase... 
Pahala fine sandy loam, gently sloping phase... 
Pahala loam, gently sloping phase. ..-__.--..-_. 
Pahala series, very shallow phases- ------------- 
Paia silty elay, eroded sloping phase. ........... 
Paia silty clay, gently sloping phase_.....---.___ 
Paia silty clay, sloping phase..__..---.-.------_ 
Paia silty clay loam, gently sloping phase........ 
Paia stony silty clay, shallow phase_______--__._ 
Pakini silty clay loam, gently sloping phase... 
Pakini silty clay loam, wind eroded phase... 
Pakini very fine sandy loam, gently sloping phase_ 
Palawat clay. i226 6200s ceccuen secu ae eetecen 
Pamoa clay, gullied phase__-...-.--..--------- 
Pamoa clay, severely eroded phase.............- 
Pamoa clay, sloping phase_-__..-.-.....--___-- 
Pane fine sandy loam, eroded rolling phase... 
Pane fine sandy loam, sloping phase___.-__.___. 
Papaa clay, phases undifferentiated.....-.---_-- 
Pauwela silty clay, gently sloping phase. ....... 
Pauwela silty clay, gently sloping phase-Uaoa silt 

loam complex... Lau cae auem rris 
Pearl Harbor clay 
Piihonua silty clay loam, slopes undifferentiated... 
Piihonua stony silty clay loam, very shallow phase- 
Puhi silt loam, eroded sloping phase... ........ 
Puhi silt loam, gently sloping phase__...__.___-- 
Puhi-silt loam, serverly eroded moderately steep phase. 
Pulehu clay loam ___._-..____-.----_---------- 
Pulehu cobbly loam__.--..-..-----.----------- 
Pulehu gravelly clay loam 
Pulehu loam and silt loam 
Pulehu sandy loam 
Pulehu silty clay__-_.--__------- +--+ 
Pulehu stony clay loam 
Pulehu stony loam__...._...------------------ 
Pulehu very stony loam and clay loam. --------- 
Puu Oo loam and silt loam, slopes undifferentiated_ 
Puu Oo stony silt loam, slopes undifferentiated.. 
Puu Pa stony very fine sandy loam, moderately 

Bleep Phase. sou cscs chee ceeece Leelee eS 
Puu Pa stony very fine sandy loam, sloping phase_ 
Puu Pa very fine sandy loam, sloping phase- ----- 
Rockland, Ad lüva-... uec. erre RA ccs 
Rockland, Aa lava with Kawaihae, Waikaloa, or 

Naalehu soil material- ---------------------- 
Rockland, Aa lava with Kealakekua, Olaa, or Ohia 

Soil material 
Rockland, Aa lava with Puu Oo, Maile, or Olinda 

soil material 


1 Less than 0,01 percent. 
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Pr 221 
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Pr 584 
Pz 455 
P2a 456 
P28 570 
P2c 535 
P2p 5385 
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P2r 459 
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P2« 598 
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Par 598 
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Rockland, Aa lava with Waimea or Hanipoe soil 
maternal... 122ne2-lz coe eel et ete 
Rockland, Haleakala soil material 
Rockland, Kokokahi soil material. 
Roekland, Mamala soil material. - .------------ 
Rockland, Molokai, Lahaina, or Pamoa soil material 
Rockland, Pahoehoe lava... 
Rockland, Pahoehoe lava with Kawaihae, Waikaloa, 
or Naalehu soil material___--...-.--.-------- 
Rockland, Pahoehoe lava with Kealakekua, Olaa, 
or Ohia soil material______--.-.2--- 2. 
Rockland, Pahoehoe lava with Puu Oo, Maile, or 
Olinda soil material 
Rockland, very steep__.....------------------- 
Rough broken land, alluvial material 
Rough broken land —Nakalele silty clay complex. 
Rough broken land, residual material 
Salty soils, undifferentiated._..._-...._-._-____ 
Stony land, Alluvial soil material 
Stony land, Ewa soil material- ---------------~- 
Stony land, glaciated mountain summits 
Stony land, Kaena soil material__._.--.---__.__ 
Stony land, Lualualei-Ewa soil material complex__ 
Stony land, Lualualei soil material 
Stony land, talus material |... 2... 
Tantalus silty clay loam, cinder-cone phase 
Tantalus silty clay loam, phases undifferentiated . 
Ualakaa silty clay, gently sloping and sloping 
poo —— Á————é 
Udlakua silty clay loam, phases undifferentiated__ 
Uaoa silty clay loam__...-_------------------- 
Ulupalakua cindery loam, cinder-cone phase 
Ulupalakua silt loam, sloping phase 
Ulupau clay, gently sloping phase- --~---------- 
Ulupau very stony clay, phases undifferentiated __ 
Wahiawa silty clay, gently sloping phase. ....... 
Wahiawa silty clay, nearly level phase... 
Wahiawa silty clay, sloping phase 
Waiaha sandy clay loam, very shallow phase over 
DE E eects din icine inetd TR 
Waiaha sandy clay loam, very shallow phase over 
Pahoshoe lava... -.  icc croce be a 
Waialua silty clay__...__.----...----_-------- 
Waialua stony silty clay... 22 Lco c cLoccul 
Waikaloa family, very shallow phases----------- 
Waikaloa family, very shallow phases-Aa lava 
GORDDlex..-- A E EE 
Waikaloa family, very shallow phases-Pahoehoe 
lava complex.___.--._..---.-_-----.-------- 
Waikaloa fine sandy loam, moderately steep phase_ 
Waikaloa fine sandy loam, sloping phase 
Waikaloa loam, eroded steep phase 
Waikaloa loam, sloping phase_...____-.-------- 
Waikaloa stony loam, sloping phase------------- 
Waikapu silty “clay loam, gently sloping phase... 
Waikapu silty day loam, nearly level phase 
Waikapu silty clay loam, sloping phase.......... 
Waikapu stony silty clay, phases undifferentiated __ 
Wailea silty clay loam, sloping phase--~--------- 
Wailuku clay loam, eroded sloping phase 
Wailuku clay loam, gently sloping phase 
Wailuku silty clay, gently sloping phase___-._..- 
Waimanalo silty clay, nearly level and gently 
sloping phas 
Waimea family, very shallow phases 
1 Less than 0.01 percent. 
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Waimea family, very shallow phases-Aa lava 

COM PICKS soo 0 0 ead ee co A 
Waimea fine sandy loam, gently sloping phase... 
Waimea fine sandy loam, hilly phase 
Waimea fine sandy loam, knobby phase. __._. ___ 
Waimea fine sandy loam, rolling phase_.___.____ 
Waimea fine sandy Joam, sloping phase 
Waimea loam, moderately steep phase 
Waimea loam, nearly level phase... .. 
Waimea stony loam, moderately steep phase_____ 
Waipahu silty clay, nearly level and gently sloping 

pases... cll liccc ue eee este ie 


W2c 
W2p 
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TABLE 17.—Key, classification, modal profile, and environment for soil families of Hawaii 


{For discussion of classification see section on Relationships Among Soils of Hawaii, p. 67] 


Key Family 
I. ZONAL SOILS IN THE CATEGORY OF |----.----------- 
ORDERS. 
A, LATOSOLS (SUBORDDR) ...-_---.----+---------|---------------- 
1. Weakly to moderately developed A; horizon- --..|---------------- 


a. “Friable clays”: . 
(1) Very weakly developed crumb-structured | Molokai........ 
A, horizon. 


(2) Moderately developed crumb-structured | Lahaing........ 
À horizon. 


(3) Moderately strongly developed, granular 


A, horizon: g 
(a) Violent effervescence with Hi0z------- Wahiawa....... 
(b) Moderate effervescence with H04....- Kahana........ 
(c) Weak effervescence with H305- ....... Kohala......... 


b. Moderately plastic clays: 


(1) Moderately developed erumb-structured | Waialua........ 
A, horizon. 
(2) Moderately strongly developed granular | Waimanalo..... 


À horizon. 


2. Strongly developed A, horizon: 


a. Without concentration of heavy minerals in 
the solum: í 
(1) Clays rehydraie upon drying-.---------..-|---------------- 


(a) Bulk density more than 1.0 (from rock): 
(m) Friable when wet___..--.--------- Kaneohe....... 
(n) Weakly smeary when wet.......... Honolua........ 


(b) Bulk density near 1.0 or below (from 
ash): 
(m) Highly weathered materials: 


(x) Friable when wet. .............- Paauhau....... 
(y) Weakly smeary when wet........ Ookala......... 
(n) Moderately strongly weathered ma- | Kapoho........ 


terials (youngest zonal soils). 


(2) Clays dehydrate irreversibly-.......--....|---------------- 


(a) Bulk density more than 1.0 (from rock | Koolau......... 


weathered in place). 


(b) Bulk density near 1.0 or below (from | Hilo........... 
volcanie ash): 
(m) Brown A; horizons_.__..---.------- 


(n) Gray Ai horizons: 
(p) Highly weathered materials: 
(x) Without mottling-------------- Honokaa 13...... 


(y) With mottled substrata.......- Akaka 1......... 


(qa) Moderately strongly weathered | Kealakekua .... 
materials. 


b. With conceniration of resistant heavy minerals |---------------- 
in the solum. 


(1) Heavy minerals strongly concentrated in 


horizon: 
(a) Silty profiles: 
(m) A, horizon not massive------------ Mahana *....... 
(n) A, horizon massive.....-.........- Naiwa-........ 
(b) Clayey profile......--.---.-------.-- Haiku.......... 


(2) Heavy minerals weakly concentrated: . 
(a) Without compact subsoil........----- Pubi 2.232.224 


(b) With compact subsoil_..._..--_.-.--- Manana........ 


B. LraHT-COLORED SOILS OF ARID REGIONS...-..~--]---~------------- 


Kawaihae....... 

C. DARK-COLORED SOILS OF SEMIARID AND 8UB- |-..-.----.-.----- 
HUMID REGIONS. 

1. With carbonate accumulations in lower horizons..| Waikaloa....... 


2. Without carbonate accumulations.._...-...-----|-------~-------- 


a. Materials slightly weathered: 


(1) Shallow over older, weathered volcanic | Pahala ?________ 
ash. 


(2) Over basalt bedrock................... Waimea........ 
b. Materials moderately weathered- ......... Naalehu........ 


II, INTRAZONAL SOILS IN THE CATEGORY |................ 
OF ORDERS. 


A. CALCIMORPHIC SOILS (SUBORDER)._--_.-.------|----.----------- 


1. With an incipient red Az horizon. ...........- Hanipoe ....... 


2. Without an A: horizon: 
a. A, horizon nearly black_.--....--------- Puu 00........ 


b. A; horizon dark brown: 
(1) Brown soils__.__.------------------ Maile.......... 


(2) -Bed.solls...-cceicoeeceseclulslllA Olinda- ........ 


B. HypRoMORPHIC SOILS (SUBORDER) __.._._-_.-.-|--------_------- 


]. Mineral soils: 


a, Drainage naturally poor..-.---------~-----|------+--+-4---- 
(1) Weakly hydromorphic-....---...------ Honouliuli...... 
(2) Moderately hydromorphio.....-........ Kalihi.......... 

(3) Strongly hydromorphie................ Kaloko......... 

b. Poor drainage man-induced by flooding . ... Manula paddy 
2. Organic sols... eta 2 eh e baneira Eiee 
a. Raw, acid peats...._..--------.-----.---- Alakai peat..... 


b. Partly decomposed peats and mucks........| Lowland peat 


and muck, 
C. UNNAMED SUBORDER..---.---~-..-------------[------ +--+ e+e ee 
Lualualei.......- 
D. HALOMORPHIO SUBORDER -..--------.-----4--|- 22-2 eee 
1. Soluble salts present; clays flocculated..__...--- [oM 
2. Soluble salis not present; clays sodium-saturaied | Kulani......... 


and dispersed. 


III. AZONAL SOILS IN CATEGORY OF ORDERS.---|.--------------- 


A. Recent all wert. ne secon ume eonim loos e MAE RR iere 


1. Nearly neutral, low or moderate in organic | Kawaihapai..... 
matter (dry regions). 


2. Acid, moderate to high in organic matter (wet | Hanalei........ 
regions). 


B. Deep, unconsolidated, unweathered materials other |..-.------------ 
than alluvium. 


1. Low in organic matter_-.-..--.----.-------- Haleakala...... 


2. High in organic matter- -------------------- Manu.......... 


C. Weathered bedrock or alluvium without soil pro- | (®)_-.---------- 
files, unweathered bedrock, or very stony deposits. 


1 Terms used tentatively in this survey for groups of soils not previously classified but approximating the level 


of generalization of classes in the category of great soil groups. 
Family represented by only 1 soil series. 
3 Great soil group represented by only 1 family. 


Symbol Environment 
on gen- 
eralized Modal profile 
bla Island Annual Elevation 
NO MODAL P DD REFLECT G E E ETIN. Inches Feet 
INFLUENCE OF CL T DV TATION, 
Le EXTREME LIMITS. WELL-DRAINED SOILS WITH WELL-DEVELOPED |[4LL ISLANDS... 10-400 0- 9,000 
PROFILES THAT REFLECT THE ACTIVE FACTORS OF SOIL GENESIS. 
An A; HORIZON RANGING FROM VERY WEAK TO VERY STRONG OVER A B HORIZON OF 
MAINLY REDDISH “FRIABLE CLAYS” WITH THE CONSISTENCE OF SILTY CLAYS OR SILTY 
WURDE CLAY LOAMS. SESQUIOXIDES CONCENTRATED BY DIFFERENTIAL LOSSES OF BASES AND (^L ISLANDB------ 10-400 0- 6,000 
COMBINED SILICA. 
LOW HUMIC LATOSOLS} 
Very weak to moderately strong Ai horizon over a red or reddish brown eluvial B that grades 
to parent material. Iron s ATE ela VO n P solum, momy, by 
d loss of silica and bases. Clays mainly kaolinitic. nO, giving effervescence with H,0, ] A s 
N disseminated throughout the A, and upper part of the B, and generally as small concretions All islands... ..-- 102.80 0- 2, 100 
or black coatings on aggregates in the lower part of the B. Base status high, relative to 
that of other Latosols. 
A, Weakly developed; 2 to 4 inches thick; dark-red or dark reddish-brown silty clay; 15- 95 0- 500 
crumb structure; very friable; pH 6.0 to 7.5; violent effervescence with HO. 15- 25 500- 1, 500 
Ni B Red to reddish-brown friable silty clay; weak medium blocky to coarse prismatic 10- 25 s 0- 1.500 
structure; pH 6.0 to 7.5; effervescence with II150;. 10- 25 0- 1 000 
C  Weathered basalt, andesite, corallimestone, or alluvium. Depth, mainly from 30 15- 40 0- ' 500 
to 80 inches below the surface. a 
A, Moderately developed; 6 to 10 inches thick; brown to dark reddish brown; very fri- 25- 40 0- 1, 000 
able; crumb structure; pH 5.0 to 7.0; strong effervescence with H50;. 20- 50 0- 2, 000 
N2 B Red to brown friable silty clay; weak to moderate medium blocky structure; pH 5.0 20~ 40 750- 2, 000 
to 6.5; moderate to weak effervescence with HO». 20- 50 0- 1, 500 
C Weathered basalt, andesite, alluvium, or coral limestone. Depth, mainly from 40 to 20- 40 0- 1,000 
70 inches below the surface. 20- 60 0- 1, 000 
A; Moderately developed; 10 inches thick; dark-red silty clay; very friable; granular; 
pH 5.5 to 6.5; violent effervescence with H202. 
B Red, firm, silty clay; weak to moderate blocky structure; pH 5.0 to 6.5; violent |}Oahu_.._-_..-._- 30- 60 250- 1, 200 
N3 effervescence with H03, 
C Weathered basalt or alluvium about 60 inches below the surface... 22 222 clc. 
A; Moderately developed; 8 inches thick; dark-red or dark reddish-brown silty clay; 
very friable; granular; pH 5.5 to 6.5; strong effervescence with H20,. Kalaleusosesssoc5 30- 60 0- 800 
N4 B Red or reddish-brown friable silty clay; weak blocky structure; pH 5.0 to 6.5; mod- |}Maui------------ 35- 60 250— 1, 500 
erate effervescence with H2Q2. Oahu. ........... 40- 60 200- 1, 350 
C Weathered basalt or andesite, mainly 40 to 60 inches below the sarface------------ 
A: Moderately developed; 8 or 9 inches thick; dark-red to grayisk-brown silty clay; |) Hawaii__....--..- 40- 60 0- 1, 500 
friable; granular; pH 5.5 to 6.5; moderate effervescence with H202. Kauai...........- 50- 80 250- 1, 000 
N5 B Red to brown friable silty clay; weak blocky structure; pH 5.0 to 6.5; weak or no |)Maui_______-_-_- 35- 70 200— 2, 000 
effervescence with H2Oy. Oahts snore eee 40- 80 50- 1, 000 
C Weathered basalt or andesite 30 to 60 inches below the surface.-..._.----------- 
A: Moderately developed; 8 to 10 inches thick; brown to dark grsyish-brown friable 
silty clay; crumb structure; pH 6.0 to 7.0; strong effervescence with H50;. Lanai...........- 20~ 30 | 1, 000- 1, 200 
N6 B  Reddish-brown silty clay or clay; firm to friable; weak blocky siructure; pH 6.0 to |)Oahu_____-------- 20- 40 10- 200 
7.0; moderate effervescence with H202. 
C Weathered fine-textured alluvium 40 to 50 inches below the surface__..----------- 
Ai Moderately strongly developed; 8 to 10 inches thick; dark grayish-brown slightly 
plastic granular silty clay; pH 5.5 to 6.5; moderate effervescence with H202. 
N7 B Dark reddish-brown weakly mottled moderately plastic silty clay of weak blocky Oah 40- 60 2 2 
structure; pH 5.0 to 6.5; weak effervescence with H50;. Sls ue cec cgo i Q- 200 
C  Weathered gravelly alluvium about 30 or 40 inches below the surface; commonly 
somewhat mottled. 
HUMIC LATOSOLS ! 
Strongly developed granular A; horizons over red, brown, or reddish-brown eluvial B hori- 
zons that grade to parent material. Iron and aluminum are concentraied throughout 
the solum because of loss of silica and bases, which are much more depleted than in Low- 
A Humic Latosols. Soils dominantly clayey throughout, the clays apparently being VAU islands.__.___- 40-150 0-3, 000 
kaolinitic or oxides. Clays do not dry irreversibly as they do in Hydrol-Humic Latosols. 
Soils mainly very strongly acid except where relatively young. 
‘A, Strongly developed; 9 or 10 inches thick; dark-red or dark reddish-brown friable 
granular silty clay; pH 4.5 to 5.5. Ph 0-1, 120 
A1 B Red, yellowish-red, or reddish-brown friable weakly blocky silty clay; pH 4.0 to 60- $ 9- 0 
5.5. 0 0-3, 000 
C Weathered basalt, andesite, or alluvium at depths of 20 to 40 inches. 40- 90 20- 500 
A; Strongly developed; 8 to 10 inches thick; dark grayish-brown, brown, or reddish- |) Hawaii-_.________ 100-150 | 1,500-3, 000 
brown weakly smeary, friable, granular silty clay; pH 4.0 to 5.0. i 70-150 300-1, 000 
A2 B Red, yellowish-red, or brown weakly smeary, friable, weakly blocky silty clay; 70-100 2, 000-3, 500 
pH 4.0 to 5.0. 75-150 0-2, 750 
C Weathered basalt, andesite, or alluvium at depth of 20 to 40 inches. 70-100 500-1, 300 
A; Strongly aeveloped; 8 to 10 inches thick; dark reddish-brown friable granular silty 
clay loam; pH 5.5 to 6.5. 
B  Reddish-brown friable nonsmeary very weak blocky silty clay loam; pH 5.8 to 6.8. 
A4 C Weathered volcanic ash, loose and porous and of variable color, at depth of 30 to 60- 80 0-1, 000 
50 inches; bedrock at 3 to 8 feet. 
A, Strongly developed;  fnches thick; dark reddish-brown friable granular silty clay 
loam; pH 4.5 to 6.0. 
AB B Rendi h Drown weakly smeary friable very weakly blocky silty clay loam; pH 4.8 Hawaii... s. 70-150 0-2, 000 
C Weathered volcanic ash of variable color; loose and porous silty clay at depth of 
40 to 60 inches. 
A, Strongly developed; 8 to, 10 inches m ; dark-brown or dark reddish-brown very 
friable granular silty clay loam; pH 5.5 to 6.8. 2 
A9 B  Reddish-brown or yellowish-red friable weakly blocky or erumb-struetured silty Hawaii........... 50-120 0-2, 250 
elay loam; pH 5.5 to 6.5. o du ijo EE 50-120 0-3, 000 
Partly weathered volcanic ash or alluvium grading to unweathered ash or lava at || V2hUu- - ---------- 60-150 100-2, 000 
shallow depth. 
HYDROL HUMIC LATOSOLS ! 
When wet, these soils resemble the Humic Latosols but differ in the character of the clays. H 
These clays are apparenily largely oxides. Unlike clays of ihe Humic Latosols, ihey Kaun MSS GERA i 
K cannot be rehydrated when dry. When wet, they smear under pressure. The soils are Meu senec see 
high in organic matter and are generally more acid than the Humic Latosols. They consist Molok e 100-500 400-8, 000 
of a strongly developed highly organic A, horizon over a red or yellowish-red, sometimes ‘hn E EUER 
slightly mottled, smeary B that grades to highly weathered parent material. re ar 
A, Strongly developed; 8 to 10 inches thick; dark-gray to very dark-brown friable to " 
: smeary weakly granular silty clay. ` Hewes ea A 150-300 | 1, 750-5, 500 
K3 B Yellowish-brown, commonly mottled with gray, very smeary and very weakly Ma. T2 120-500 400-5, 800 
blocky or crumb-structured clay; pH 4.0 to 5.0. Malok. se Sse eect 110-500 500-8, 000 
C Highly weathered basalt or andesite, commonly at a depth of 2 feet; on younger || 4 hu Aloe rosea ses 100-350 | 1, 500-3, 700 
lavas, this horizon is very thin over hard rock. Bnücscdecoeeger 100-200 1, 000-5, 000 
K6 A, Strongly developed; 8 to 10 inches thick; dark-brown to dark reddish-brown weakly 
smeary moderately granular silty clay loam; pH 5.0 to 5.7. Hawaii- -------- 120-200 0-2, 500 
B Red to yellowish-red smeary crumb-structured silty clay loam; pH 5.2 to 5.8.-..--}f Maui___.-__.___. 75-150 0- : 900 
C Weathered voleanic ash, usually at depth of 2 to 4 feet_._...---_--------------- 
A, Strongly developed; 5 to 8 inches thick; dark-gray to dark grayish-brown weakly 
granular moderately smeary silty clay loam; pH 4.5 to 5.5. 
K7 B Yellowish brown to yellowish-red smeary crumb-structured silty clay loam; pH Hawaii: 2. so! 80-120 | 1, 200-5, 000 
C Weathered volcanic ash of varying colors; clayey; usually at depths near 2 or 
3 feet. 
A, Strongly developed; 5 to 6 inches thick; dark-gray to dark grayish-brown weakly 
granular smeary silty clay loam; pH 4.0 to 5.0. 
K8 B  Yellowish-red very smeary crumb-structured silty clay loam, commonly weakly Hawaii... llli. 120-240 1, 000-6, 000 
mottled with gray in the lower part; pH 4.0 to 5.5. Maui............- 175-300 800—6, 000 
C Highly weathered, mottled, clayey volcanic ash at depths near 30 inches. ! 
A, Strongly developed; 5 or 6 inches thick; grayish-brown moderately smeary weakly 
granular silty clay loam; pH 5.0 to 6.0. 
K10 B  Yellowish-red to reddish-brown moderately or strongly smeary crumb-structured 80-100 1 
; 800-3, 750 
silty clay loam; pH 5.2 to 6.5. 
C Weathered volcanic ash mixed with weathering rock from underlying young lava. 
HUMIC FERRUGINOUS LATOSOLS 1 
Outstanding characteristic is a concentration of resistant heavy minerals in upper 
part of the soil. The profile consists of a thin Ay, a massive to crumb-structured Ax, 
T and a B horizon like that of the Humic Latosols. Silica, bases, aluminum, and 
tron of the more easily weathered primary minerals have been lost from the Ay, and 25-150 0-4, 000 
iron is concentrated in minerals such as magnetite, and titanium in such resistant 
minerals as anatase. 
‘Ay Well developed; 3 inches thick; dark reddish-brown weakly granular frianle silt 
loam; pH 4.5 to 6.5. - 
Aa 6 inches of dark reddish-brown friable crumb-structured silt loam with flecks of || Kauai------------ 25- 45 500-3, 000 
Ti shiny minerals, probably magnetite; pH 4.5 to 6.5. Lanai-..........- 25- 40 | 1, 000-2, 500 
B 15 inches of reddish-brown friable weakly blocky silty clay loam; pH 4.5 to 6.0. Oahu....--...---- 25- 40 750-2, 000 
C Weathered basalt or andesite, grading to hard bedrock. 
‘A, 3 to 4 inches of dark-red or poma friable granular silt loam; pH 4.0 to 6.0_._._._._- 
A; 5 to 8 inches of massive silty reddish material of very high specific gravity; pH " 
T2 2 4.0 to 6.0. Nene BP s TEE Maui............ 35- 80 250- 1,000 
B 12 to 15 inches of red or reddish-brown friable weakly granular silt loam to silty || Molokai-......... 35- 80 | 250- 3,500 
clay; pH 4.0 to 6.0. Oahu__.--------- 40- 60 500- 1,500 
C Weathered basalt, andesite, or trachyte..... 2.2 2L Ll lll ll - eee eee eee ee 
‘A; 6inches of dark reddish-brown to grayish-brown granular friable silty clay having 
very high specific gravity; pH 4.5 to 6.5. 
T3 As 2 to 3 inches of dark reddish-brown or grayish-brown massive silty loam of high || Kauai__.._.______ 60-100 200- 4, 000 
specific gravity; pH 4.5 to 6.5. Maui___________. 60-150 0— 1. 500 
B  20to25 inches of red or yellowish-red friable weakly blocky silty clay; pH 4.0 to 6.0. ? 
C Weathered basalt or andesite___..._.-.-.-.-.-.-----.------------------------ 
A, 8 inches of brown friable granular heavy silt loam; pH 5.0 to 6.5.2... LLL. 
T4 B 20 to 30 inches of reddish-brown friable weakly blocky silt loam or silty clay loam; 5 | 
pH 4.5 to 6.0. Kauagi...........- 50- 80 200- 500 
C Weathered basalt or andesite__.-____-.-.._...------------------------------- 
A; 8&tolOinehes of dark reddish-brown friable granular silty clay loam; pH 5.0 to 6.5... 
T5 A; 6 to 10 inches of red very friable to loose crumb-structured silt loam; pH 4.8 to 6.0. | Kauai......... 40- 60 250- 750 | 
B 12 to 20 inches of red firm blocky silty clay; pH 5.0 to 6.0... 222 22.2.2... Oahu... cecus. 30- 80 500- 1, 200 
C Weathered basalt, andesite, or alluvium-------------------------------------- i 
ias WEAK Aj HORIZON OVER WEATHERED BUT NOT STRONGLY LEACHED B nonizon |[HAWAU..-....-.. r 
SES WITH LIME ACCUMULATION IN LOWER PART. s T 5- 20 0-2, 500 
RED DESERT SOILS 34 
A Very weak; 2 to & inches thick; reddish-brown or brown, crumb-structured very friable | 
loam or sandy loam in which a pavement of reddish-brown-coaied stone fragmenis 
is partly embedded; pH 7.0 to 7.8. 
RD B 8 to 20 inches of reddish-brown or brown friable weakly prismatic loam or sandy loam; 5- 20 0-2, 000 
pH 7.0 to 8.0. 10- 20 0-2, 500 
Bea The horizon of lime accumulation, either as a soil horizon or as coatings on rocks; 2 Oahu.---.-------- 10- 20 0- 200 
to 20 inches thick. 
Ü Volcanic ash, commonly containing accumulations of free carbonates--------------- 
STRONGLY DEVELOPED DARK-COLORED Å; HORIZON HIGH IN BASES, GRADING WITH DEPTH |(H^WAn.........- 
INTO A LIGHTER COLORED LESS ORGANIC, TRANSITIONAL B HORIZON HIGH IN Bases, || KAUAI - 
TAI SRDE THE OUTSTANDING CHARACTERISTICS ARE THE ACCUMULATION OF ORGANIC MATTER IN 20- 70 0-4, 000 
THE UPPER HORIZONS, THE HIGH BASE STATUS, AND THE GOOD PHYSICAL CONDITION. 
REDDISH BROWN SOILS 5*4 
A, 8 to 12 inches of dark reddish-brown, brown, or very dark-brown loose or very friable 
crumb-siructured fine sandy loam to silty clay loam; pH 6.0 to 7.6. 
B & to 20 inches of reddish-brown or yellowish-red friable crumb-structured or weakly 20- 50 
» 20 inc f 0—4, 000 
RB prismatic fine sandy loam to silty clay loam; pH 6.0 to 7.6. 85- 60 0- 300 
Beg 6-10 10-inch zone of carbonate accumulation, either as a soil horizon or as coatings on 20- 30 | 1, 000-3, 000 
rock fragments. 40- 60 | ` 200-1; 000 
C Slightly weathered volcanic ash; commonly with carbonale accumulations as thin , 
bands or pockets. 
REDDISH PRAIRIE SOILS + 
An 8- to 12-inch dark-colored A, horizon thai grades with depth into a lighter colored tran- M 
Cc sitional B horizon. The B horizon grades with depth to parent material. The solum |\awati.._-------- 30- 70 600-4, 600 
is moderately high in bases, but there is no zone of carbonate accumulation. Maui............ 26- 50 600—4, 000 
A, 6 to 9 inches of dark-brown to dark grayish-brown friable crumb-structured fine 
B sandy loam; pH 6.5 to 7.5. 
5 to 15 inches of lighter brown friable crumb-structured fine sandy loam; pH 6.5 ; 
e1 to 7.5. * E Hawaii.---------- 35- 60 500- 2, 000 
D Weathered reddish-yellow or yellowish-red volcanic ash, older and unconformable 
with the overlying soil from recent ash deposits; pH 6.5 to 7.5. 
A; 8 to 12 inches of very dark-brown or dark-brown friable crumb-structured or 
granular fine sandy loam or silt loam; pH 6.0 to 7.5. Pr 
C2 {B12 to 30 inches of lighter brown friable weakly prismatic or blocky fine sandy loam |\Hawafi..--.------ 30- 50 | 2, 000- 4, 500 
or silt loam; pH 6.0 to 7.5. Maui. ........... 25- 50 | 1, 000- 4, 000 
C  Volcanie ash or cinders, mainly not highly weathered. 
A; 8 zr 25 brown or dark reddish-brown friable crumb-structured silty clay; pH 
.0 to 7.0. 
c3 B 12 vH c of reddish-brown or yellowish-red friable weakly blocky silty clay; |XHawaii.........-- 35- 70 800- 2, 500 
C Weathered volcanic ash, cinders, or mud flows. 
NO MODAL PROFILE. SOIL PROPERTIES REFLECT THE DOMINATING 
INFLUENCE OF LOCAL FACTORS OF THE ENVIRONMENT SUCH AS 
imus DRAINAGE OR EXTREMES IN CHEMICAL COMPOSITION OF THE |SALL ISLANDS... 10-500 œ 8, 000 
PARENT MATERIAL OVER THE ACTIVE FACTORS OF SOIL FORMA- 
TION—CLIMATE AND VEGETATION. 
SOIL MORPHOLOGY STRONGLY INFLUENCED BY HIGH BASE STATUS OF THE PARENT MA- 
uncudl TERIAL. ABNORMALLY STRONG A; HORIZONS AND HIGH BASE STATUS FOR THE CLI- 
MATIC ZONE. 
LATOSOLIC BROWN FOREST SOILS* 
F Dark-colored A, horizons relatively high in bases and organic matter grading through |\fawait-..-.------ 
lighter colored B horizons to young volcanic ash high in bases. These om young soils T Maui..---------- } 40-120 | 1, 600- 8,000 
rapidly weathering materials high in bases in regions where normal soils are acid. 
A; 4 or 5 inches of dark-brown or dark reddish-brown friable crumb-structured sandy 
loam; pH 5.5 to 6.5. 
Fl A, 2 to 4 inches of red very friable sandy loam; pH 5.5 to 6.5. 50- 25 | 3, 250-8, 000 
B 10 to 15 inches of brown very friable sandy loam; pH 5.8 to 7.0. 40- 20 | 3, 500-7, 500 
C  Relatively unweathered volcanic ash or cinders. 
A: 5 or 6 inches of very dark-brown or black friable granular silt loam or silty clay 
$5 È 12259. pH 5.0 to 6.0. 
to 15 inches of dark reddish-brown friable but smeary weakly blocky silt | ii 
or silty clay loam: pH 5.5 to 6.5. Ty weakly blocky silt loam | Hawali_...-.----- 120- 40 | 5, 000-6, 500 
C Brown or reddish-brown moderately weathered volcanic ash. 
Ay 10 or 12 inches of very dark-brown friable crumb-structured silty clay loam or 
loam; pH 5.5 to 6.5. ! 
F3 B AE m of brown or reddish-brown friable weakly blocky silty clay loam; |\Hawaii __.__.____ 80- 50 1, 500-5, 000 
C Brown to yellowish-red moderately weathered volcanic ash. 
A, 8 np very dark-brown or dark-reddish-brown friable crumb-structured loam; 
pH 5.5 to 7.0. 
F4 B About 12 inches of red or reddish-brown friable weakly blocky silty clay loam or || Hawaii----------- 50- 80 | 1, 750- 5, 500 
loam; pH 5.5 to 7.0. 7 iur Maui- ----------- 40- 60 | 2, 500- 4, 500 
C Moderately weathered volcanic ash; pH near 7.0. 
SOILS ARE CHARACTERIZED BY MOTTLING IN THE PROFILE OR PRESENCE OF A GLEY HORI- 
ZON. ZONAL PROPERTIES ARE SUPPRESSED OR ABSENT. THE GROUP INCLUDES A || MAUAI----------- 
Pane Minot. WIDE RANGE OF SOILS FROM THOSE WEAKLY HYDROMORPHIC MEMBERS IN WHICH MAUI -- ...--.--- 10-500 0- 5,800 
ZONAL PROPERTIES ARE MODERATELY EXPRESSED TO THE HIGHLY HYDROMORPHIC || MOLOKAI_.------- ^ 
ORGANIC SOILS OVER GLEY. OAHU. 
GRAY HYDROMORPHIC SOILS! 
H An A, horizon dominantly grayish in color over a B horizon that is mottled as a result of 
periodic waterlogging. 10- 80 0- 600 
A one : inches of grayish-brown moderately plastic crumb-structured clay; pH 
H1 B 15 or 20 inches of brown or grayish-brown moderately plastic blocky clay mottled va a "s 2 
with yellowish brown in the lower part; pH 7.0 +. Oahu 
C Mottled gray, brown, and yellow clayey alluvium or marine sediments; pH 8.0 +.) — tt 
A, About 10 inches of very dark-brown (gray when wet) firm plastic granular clay or 
da : Med loam; pH 5.0 to 6.5. K 
to 20 inches of highly mottled gray, yellow, and brown, firm plastic blocky clay; auai_..--------~ 40- 80 50- 500 
pH 5.0 to 6.5. : Bee MAP REND MOM Y RE 30- 50 50- 300 
C Mottled alluvium........ 2 a LL el LL Lc llla secs sm s n se D aLL 
A, 2 p 10 inches of brown to reddish brown mottled crumb-structured friable or firm 
clay. 
H3 B 10 to 30 inches of highly mottled gray, yellow, and brown, firm or hard blocky | \Kauai------------ 15- 45 0- 250 
elay- Oahu...... Ll... 10- 30 0- 20 
C Sticky plastic clay commonly containing gypsum crystals___........_.._..______ 
PADDY SOILS! 
About 10 inches of dark-gray soft mucky silt loam stirred by tillage over highly mottled y 
P l gray, yellow, and brown firm compact moderately plastic silty clar 5 to 10 faches thick. | uS E NAM $0: 0 2 pr 
ts overlies less firm alluvium, Oahu- 20- 70 0- 200 
BOG SOILS 
" Kauai............ 
g { Organic deposits over gley horizons; permanently wet... acce LLL Moui- Seassersee 10-500 0-5, 800 
Oahu- 
; , x d , Kauai._.--.._---- 300-500 | 3, 500-5, 800 
Bgl us M RD E E very acid peat, 20 to 60 inches thick, over bluish-gray rubbery Ima EEEE 250—400 | 4, 000-5" 800 
2 ooo METRUM NE 22000 3, 500-5, 000 
EY a ii PIRROS A 4, 000 
Be2 Moderately decomposed peat or a mixture of decomposed peat and alluvium, 8 to 12 
g | inches thick, over slightly decomposed plant remains. This rests on bluish-gráy Kauai 10- 30 0- 100 
mineral material at 30 inches or more. 5 20- 50 0- 100 
SOIL PROPERTIES DOMINATED BY PHYSICAL AND CHEMICAL CHARACTERISTICS OF EXPAND- 
deos ING-LATTICE CLAYS. REGUR, SELF-SWALLOWING SOILS, AND GRUMUSOLS ARE NAMES 10- 40 0- 250 
APPLIED IN VARIOUS COUNTRIES TO SOILS WITH SIMILAR PROPERTIES, 
DARK MAGNESIUM CLAYS 
Very dark-gray or black blocky clay, very sticky and plastic when wet and hard when d : 
M The upper 8 or 4 inches is more friable than lower horizons. Colors pees lighter ra Kauai________.--- 15- 80 0- 250 
with depth. Gypsum crystals are common below 50 inches. From alluvium thai |t Molokai. ......... 10- 20 0- 100 
receives seepage from adjacent basic rocks or from olivene basalt. Oahu_...--------- 15~ 40 0- 500 
LANAI- --------- 
—€— SOIL PROPERTIES DOMINATED BY THE EFFECTS OF $ Maui..—........- 
OLUBLE SALTS... LL. LL LLL cssc MOLORKAI......... 10- 50 0- 500 
AHU el cum 
SOLONCHAK MAWAN EUER 
Gray, brown, or red clays completely flocculated by a high concentration of solubl Lt. 
8 | The soils are fluffy, light in weight, and without consistent Sequence of genetic ordena. | 10- 50 0- 80 
SOLONETZ 3 
A About 3 inches of dark-brown loose crumb-structured clay; pH 8.04. 
(8) E s d inches of dark-gray hard columnar clay; pH 9.0; caps of columns may be || Hawaii... 20- 30 500 
C Yellowish-brown friable clay loam. 
EXCEPT FOR SOME ACCUMULATION OF ORGANIC MATTER IN THE SURFACE 
ite HORIZON, SOIL PROPERTIES MIN ERIAL 
| VERY YOUNG Oa ARE DETER. ED BY PARENT MAT . Jarr ISLANDS... 10-500 0—13, 000 
ALLUVIAL SOILS 
Very weakly to moderately developed A, horizo. lt j 7 
V { rer died o7 1 ns over unaltered recent alluvium of variable hau iana aaa 10-250 0- 8, 000 
Hawaii... .. .... 10- 40 0- 8, 000 
A; 2 to 12 inches of reddish-brown to b i zœ || Kauai... 22. 15- 40 ; 
VI | matter content; pH 6.0 to 7.5. O STOND material moderate to low In organic Lanai crinem anim (5 "6 400 
C Bandy to clayey recent alluvium; pH 6.0 to 8.0.1... 2. Lol Maui............ 10- 60 0- 500 
ETIN Molokai.......... 10- 40 0- 500 
EMT Coane eee 10- 50 0- 500 
1 or inches of dark-brown or dark ish-brow: i igne ANU oe eo, 50-150 0- 
v2 | organic-matter content; pH 5.0 to oo town material moderate:to high in Hawali..... ll 80-250 0- 300 
C Sandy to clayey recent alluvium; pH 5.0 to 6.5......-.---...--..-_.._.....__.. Kauai... lll lul 80-150 0- 500 
Maui.-.......... 40-100 0- 1, 000 
REGOSOLS 
Deep regolith with little or no profile development. Soil ji X 
R ( sande or basaliic-beach sonde. pme oils from volcanic ash, cinders, coral yan ae | 50-120 0-13, 000 
Hawaii... ...... 10- 80 0-13, 000 
w [^ 0 m io aie ar E Ona or grayish-brown material low to moderate in organic Kanai — — |  15- 40 0- 50 
ic Sandy volcanic ash, coral sand, or basaltic beach sand._.___.-_.__.__________._ Maui............ Fa 70 denn 009 
Molokai.......... 5~ 20 i 
Oahu 105380 0- 1, 000 
d» A; 6 Ps 3 inches ele to black material high in organic matter; pH mainly n MEME Wr 100 
O Volcane 35b oo MEOS Hawaii........... 60-120 | 2, 000- 4, 000 
LITHOSOLS'! 
Little or no genetic profile other than some a j y i tj 
L { layers e accumulation of organic malier in the surface yan dlandg eere. 10-500 0-18, 000 


Vegetation zone 


A, B, C; C; D, 


2, Hl. 


A, B, Ci, Di, Ds. 


A, B, Cj. 


BB 
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Bu bp» 
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e 
is 


Cy. 


Ci, Di, D. 


D, 


Dy. 


Di, Da. 


Di, Dg. 


Di. 


Ds. 
Dz. 


Dz 


B, Ci, Dy, Ds. 


B, Cı, Cz. 


B, C, C. 
C, Cy. 


Ci. 


Cy. 
C; Ci. 
Ci, B. 


A, B, C, C, Di, Ds, 


$ E, le 


[^n C, Di, Ds, Ei 


D; Ds. 


Ca, Cy. 
Ce. 


A, B, Gi, Dy, Di. 


A, B, Ci, C, Di, Di. 


All zones. 


All zones. 
A, B, Cs Dy, E; 


2; 
, 


MY B, C, Di, E,, Eg. 
A, B, C. 
C;, C Da. 


All zones. 


: This family not shown on Generalized Soil Map; see Detailed Soil Map. 
Not subdivided into soil families. Lithosols group consists of Miscellaneous land types as shown on Generalized 


Soil Map. 


* Latosolic analogs of the soils named. These soils probably justify recognition as new great soil groups and the 
names are used purely as the nearest approximation among recognized groups of soils. 


5 Not differentiated; shown on Generalized Soil Map as Salty soils, undifferentiated. 
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RELIABILITY OF DATA 


DETAILED SURVEY, DATA FROM TRAVERSES 
AT 1/8 to 1/2 MILE INTERVALS. 


Sz SEMI - DETAILED SURVEY. DATA FROM 


TRAVERSES AT 1/4 to 1 MILE INTERVALS. 


RECONNAISSANCE SURVEY. DATA FROM 
TRAVERSES AT 1 to 10 MILE INTERVALS. 


COMPILED MAPS. DATA FROM PUBLISHED 
MAPS, REPORTS, OR BOOKS FROM ORAL 
ACCOUNTS OF FORESTERS, RANCHES, AND 
OTHERS, AND FROM SIMILAR SOURCES 
OTHER THAN TRAVERSES BY TRAINED SOIL 
SURVEYORS. 
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OF HAWAII 


(AFTER RIPPERTON AND HOSAKA, 1942) 


U. S. DEPARTMENT OF AGRICULTURE 


SOIL CONSERVATION SERVICE 


GENERALIZED SOIL MAP 


HAWAIIAN ISLANDS 


HAWAII AGRICULTURAL EXPERIMENT STATION 


L 


N - LOW HUMIC LATOSOLS 


Molokai family, normal phases ...........ccsecseeeeeeeeeee AONGA NI 


Molokai family, eroded phases .............. 


Molokai family, shallow and stony phases ... 
Molokai family, very shallow phases over lava 
Molokai family, very shallow phases over cora 
Lahaina family, normal phases .. 
Lahaina family, eroded phases ............... 
Lahaina family, shallow and stony phases 
Lahaina family, very shallow phases .. 
Molokai and Lahaina families, stony phases. 
Wahiawa family, normal phases 


Kahana family, normal phases 


Kahana family, normal phases in dissected areas .............. N4D 
Kahana family, eroded phases ................. ces eee ee cerne .NAE 
Kahana family, shallow and stony phases ............... eene N4S 
Kohala family, normal phases .............. ee ——— EPA, N5 
Kohala family, normal phases in dissected areas .............. N5D 
Kohala family, eroded phases ........... esee N5E 
Kohala family, moderately steep eroded phases ................ N5M 
Waialua family, normal phases .......2--...ccceseeceescereeceeeneeeeere N6 
Waimanalo family, normal phaseS........,c:sscceescceeeceneeeeeeee ees N7 


A - HUMIC LATOSOLS 


Kaneohe family, normal phases... 


Kaneohe family, normal phases in dissected areas 
Kaneohe family, shallow and stony phases ......... ————— SAIS 
Honolua family, normal phases... nnn . A2 
Honolua family, normal phases in dissected areas ........... A2D 


Honolua family, moderately steep eroded phases ............. A2M 


Honolua tamily, shallow and stony phases ........... esee .A2S 
Paauhau family, normal phases .......ccccscccsesseeccesseeeeseneesanee A4 
Ookala family, normal phases ................--. as PERTRA SAD 
Kapoho family, normal phases ........ eee eene nnne A9 
Kapoho family, shallow and stony phases... A9S 
Kapoho family, very shallow PhaseS....cscccecsecscseecesenessseeeee ASV 


K-HYDROL HUMIC LATOSOLS 


Koolau family, undifferentiated. 


Koolau family, undifferentiated in dissected areas K3D 
Hilo family, normal phases .....s.cesecesesesssseeeceseessteeessseneeee K6 
Hilo family, shallow and stony phases .......... eene . K6S 
Hilo family, very shallow phases .........sceeeeeer een 2. K6V 
Honokaa family, normal phases ...........eeeerceeeeeneenrnne K7 
Honokaa family, moderately steep phases..........c eene K7M 
Honokaa family, shallow and stony phases..............-sssseeeeee K7S 
Akaka tamily, normal phases ......sssssess seen K8 
Akaka family, shallow and stony phases ....... ——— — hOS 
Akaka family, very shallow phases............sseeeeneee eee KBV 
Kealakekua family, normal phases.......eeerene nnn KIO 
Kealakekua family, very shallow phases... K10V 


LEGEND 


T - HUMIC FERRUGINOUS LATOSOLS 


Mahana family, normal phases ............uuuuuuuesseeeeeee enne T1 


Mahana family, eroded phases .. 


Naiwa family, normal phases.. 


Naiwa family, normal phases in dissected areas 
Naiwa family, eroded phases 


Haiku family, normal phases 


Haiku family, eroded phases 


Haiku family, moderately steep eroded phases .. 


Pubi family, :normal phasas-... iue e eciam reor eee oko RmudR 
Puhi family, eroded phases ........ csse TAE 
Manana family, normal phases ............cccccceeeeceeeeeeseees — T5 


RD - RED DESERT SOILS 


Kawaihae family, normal phases .............. 


Kawaihae family, shallow and stony phases . 


Kawaihae family, very shallow phases RDV 
RB - REDDISH BROWN SOILS 
Waikaloa family, normal phases ....... —— —— — RB 
Waikaloa family, shallow and stony phases ...................... .RBS 
Waikaloa family, very shallow phases ............ccccccceeeeeeeeees RBV 
C - REDDISH PRAIRIE SOILS 
Pahala family, normal phases .......... — EE C1 
Pahala family, shallow and stony phases .......................... C1S 
Waimea family, normal phases ......... AU EE C2 
Waimea family, shallow and stony phases .............sssssseeee [04:3 
Waimea family, very shallow phases ..............::.ceeeeeeee ee C2V 
Naalehu family, normal phases ...............ceceecsseeaseeeeeeeeee se C3 


Naalehu family, shallow and stony phases ................... COS 


F - LATOSOLIC BROWN FOREST SOILS 


Hanipoe family, normal phases ,,....... ——— a 
Hanipoe family, shallow and stony phases ...............sssesssee F1S 
Hanipoe family, very shallow phases ..........ssceeeeeeeeee PPE F1lV 
Puu ‘Oo family, normal Phases ...,.., en ec cei ee sex sese evcesa e oveses F2 
Puu Oo family, shallow and stony phases..,.............:cc-c00ece+ F2S 
Puu Oo family, very shallow phases ...........ccccsseccsesestseeee F2V 
Maile family, normal phases ......... cesses enne F3 
Maile family, moderately steep phases................... c cseeeeees F3M 
Maile family, shallow and stony phases .................ssssusss. .F3S 
Maile family, very shallow phases ...........ccscseeeecceceeeeeeneeeee F3V 
Olinda: family, normal phases... iiec e occi eo eter eost terna F4 
Olinda family, shallow and stony phases ..............sssseseeeeee .FAS 
Olinda family, very shallow phases .............. seen Fav 


“Dissected areas” are gently sloping to level areas cut deeply by almost vertically incised waterways leaving smooth-land 
remnants that range from a few tens to several hundreds of yards in width. 


H - GRAY HYDROMORPHIC SOILS AND P- PADDY SOILS 


Honouliuli family, normal phases. 


H1 


Kalihi family, normal phases 
Kaloko family, normal phases. 
Hauula paddy soils ............ 


Bg - BOG SOILS 


AENT TO en ...Bgl 
Lowland peat and muck............... eese PR ERREEN ee Bg2 


M - DARK MAGNESIUM CLAYS 


Lualualei family, undifferentiated ,.................. 


V - ALLUVIAL SOILS AND S - SOLONCHAK 


Kawaihapai family, normal phases 


Kawahapai family, stony phases 


Hanalei family, normal phases... v2 
Hanalei family, stony phases ..........csssessssessecceccsceesceeseceee .V28 
Salty soils, undifferentiated ........... cese i 9 


R - REGOSOLS 


Haleakala family, undifferentiated 


Manu family, undifferentiated ...... 


L - LITHOSOLS 


Rough broken land, residual material . 


Rough broken land, alluvial material 


77 . i 
YY Rockland, with very thin weathered lava ..ssescscssseeserseeree wee L2 
YH A Rockland, young lavas essentially unweathered .................. L2L 


Rockland, with a very thin covering of volcanic ash ............L2À 
Rockland, coral ................ — — I eee L2G 


ML - MADE LAND 


S. add ae 


CONVENTIONAL 
SIGNS 


Good motor road 


Poor motor road -22-222-2-2-- 
[ MEL ee re ee 
Railroad ——ÀÀ 
Triangulation station A 
Lighthouse * 
Perennial stream Pauca 
Intermittent stream mn 
Swamp gn 


Breakwater Guai 


Reservation boundary ——. —— — 


M. G. Cline,Soil Conservation Service, 
and Z. C. Foster, Hawaii Agricultural Extension Service. 
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Polyconic projection, Hawaiian datum. 
Map prepared from base by Corps Engineers, U. S. Army. 
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Polyconic projection, Hawaiian datum. 
Map prepared from base by Corps Engineers, U. S. Army. 
Soils compiled. 1947. 
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ES 


į [ —2— 
— Niaupala Fishpond Y 


ee 21'15 


X 
D 

es 

F 


», Lamaloa Head 


10' 


27» Cape Halawa 


—— à / a Mokuhooniki Id. 
VY Papaloa +) 


aS o > Waialua $ 
Pauwalu © 


taa A 
p», Kupeke Fishpond 
 Pukoo 


05’ 


D EA S c —— NN 


45' 156°40° 


Xa 
tog 
EE. 
ANNETL 
05" 157*00' 55' 50' 
Scale 2940 
1 0 1 9 3 á 5 6 T7 8 9 Miles 
DETERERER Ep ere E—— Ie a Se [reme] 
10 000 0 10000 20 000 30 000 40 000 Feet 


Contour interval 1000 feet 


Polyconic projection, Hawaiian datum. 
Map prepared from base by Corps Engineers, U. S. Army. 
Soils compiled, 1947. 
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Aa Akaka family, very shallow phases 

Ab Akaka family, very shallow phases — Aa lava complex 
Ac Akaka silty clay, phases undifferentiated 

Ad Akaka silty clay— rough broken land complex 

Ae Akaka silty clay, steep phase 

Af Alaeloa silty clay, eroded sloping phase 

Ag Alaeloa silty clay, gently sloping phase 

Ah Alaeloa silty clay, severely eroded moderately steep phase 
Ak Alaeloa silty clay, severely eroded rolling phase 

Al Alaeloa silty clay, sloping phase 

Am Alakai peat — Amalu clay, complex 

An Alili fine sandy loam, slopes undifferentiated 

Ao Alili silty clay loam, slopes undifferentiated 

Ap Amalu clay — Alakai peat— rough broken land complex 
Ar Amalu clay— rough broken land complex 

As Apakuie stony sandy loam, phases undifferentiated 

At Apakuie stony sandy loam — Rockland complex 

Ca Catano loamy sand 

Cb Catano loamy sand — Molokai silty clay complex 

Cc Catano sand 

Cd Catano sand — Alluvial soil complex 

Ce Catano sand, dune phase 

Cf Catano sand — salty soil complex 

Ea Eroded land, Naiwa or Mahana soil material 

Ec Eroded stony land, Molokai or Lahaina soil material 
Ed Ewa clay, nearly level phase 

Ef Ewa silty clay, nearly level phase 

Eg Ewa very stony clay loam, phases undifferentiated 

Ha Haiku family, severely eroded phases 

Hb Haiku silty clay, eroded hilly and steep phases 

Hc Haiku silty clay, eroded moderately steep phase 

Hd Haiku silty clay, eroded rolling phase 

He Haiku silty clay, eroded sloping phase 

Hf Haiku silty clay, gently sloping phase 

Hg Haiku silty clay, gently sloping phase — Uaoa silt loam complex 
Hh Halawa silty clay, gently sloping phase 

Hi Halawa silty clay, phases undifferentiated 

Hj Halawa silty clay, sloping phase 

Hk Haleakala cinders and ash 

HI Haleakala family, very shallow phases 

Hn Halii gravelly silty clay, eroded moderately steep phase 
Ho Halii gravelly silty clay, gently sloping and sloping phases 
Hp Haliimaile silty clay loam, eroded sloping phase 

Hq Haliimaile silty clay loam, sloping phase 

Hr Hamakuapoko silty clay, eroded sloping phase 

Hs Hamakuapoko silty clay, sloping phase 

Ht Hanalei cindery silt loam 

Hu Hanalei clay loam 

Hv Hanalei silt loam 

Hw Hanalei silt loam, shallow phase 

Hx Hanalei silt loam, very shallow phase 

Hy Hanalei very stony loam and clay loam 

Hz Hanipoe family, steep phases 

H2a  Manipoe family, very shallow phases 

H2b  Hanipoe fine sandy loam, sloping and moderately steep phases 
H2c  Hanipoe loam, moderately steep phase 

H2d Hauula paddy soils 

H2e  Heake gravelly loam, gen:ly sloping phase 

H2f Heake gravelly loam, very shallow phase 

H2g Hilo family, steep phases 

H2h Hilo family, very shallow phases — Aa lava complex 
H2k Hilo family, very shallow phases — Pahoehoe lava complex 
H2m Hilo silty clay loam, gently sloping phase 

H2n Hilo silty clay loam, sloping phase 

H2p  Honokaa, Ookala, and Kealakekua families, steep phases 
H2r Honokaa silty clay loam, gently sloping phase 

H2s  Honokaa silty clay loam, hilly phase 

H2t Honokaa silty clay loam, knobby phase 

H2u  Honokaa silty clay loam, phases undifferentiated 

H2v  Honokaa silty clay loam, sloping phase 

H2w  Honolua silty clay, eroded sloping phase 

H2x Honolua silty clay, gently sloping phase 

H2y Honolua silty clay, phases undifferentiated 

H2z Honolua silty clay, severely eroded phase 

H3a Honolua silty clay, sloping phase 

H3b  Honomanu silty clay, pheses undifferentiated 

H3c  Honouliuli clay 

Hha X Honouliuli silty clay 

Hhb X Honouliuli stony clay 

Hhe Honuaulu clay loam, sloping phase 

Hhd Honuaulu clay loam, very shallow phase—Aa lava complex 
Hhe Honuaulu clay loam, very shallow phase — over Aa lava 
Hhf Honuaulu clay loam, very shallow phase over Pahoehoe lava 
Hhg . Honuaulu clay loam, very shallow phase— Pahoehoe lava complex 
Hhh Hoolehua clay, nearly level and gently sloping phases 
Hhi Hoolehua silty clay, erodeed sloping phase 

Hhj Hoolehua silty clay, nearlly level and gently sloping phases 
Hhk Huikau sand and loamy sand 

Hhi Huikau stony sand 

la lao clay loam, gently sloping phase 

Ib loa silty clay, gently sloping phase 

Ic lo cindery loam, slopes undifferentiated 

Ka Kaena clay, gently sloping and sloping phases 

Kb Kaena silty clay, gently sloping and sloping phases 

Ke Kaena very stony clay and silty clay, phases undifferentiated 
Kd Kahana series, steep phases 

Ke Kahana silty clay, eroded sloping phase 

Kf Kahana silty clay, gently sloping phase 

Kg Kahana silty clay, sloping phase 

Kh Kahana silty clay loam, gently sloping phase 

Ki Kahana stony clay loam, shallow phase 

Kj Kahana stony silty clay, eroded moderately steep phase 
Kk Kahana stony silty clay, eroded sloping phase 

KI Kahana stony silty clay, gently sloping phase 

Km Kahana stony silty clay, severely eroded phase 

Kn Kahaniki stony silty clay loam, phases undilterentiated 
Ko Kahuku silty clay, gently sloping and sloping phases 
Kp Kahuku stony silty clay, gently sloping and sloping phases 
Kq Kailua silty clay, sloping phase 

Kr Kaiwiki silty clay loam, sloping phase 

Ks Kalapana sand 

Kt Kalihi clay 

Ku Kalihi very stony clay 

Kv Kaloko clay 

Kw Kaloko clay, very shallow phase 

Kx Kamakoa sandy loam and loam 

Ky Kamakoa very stony loam 

Kz Kamananui silty clay, gently sloping phase 

K2a | Kamaoa silty clay loam, sloping phase 

K2b Kaneohe silty clay, gently sloping phase 

K2c Kaneohe silty clay, sloping phase 

K2d . Kapapala fine sandy loam, sloping phase 

K2e Kapapala loam, gently sloping phase 

K2f Kapapala loam, sloping and moderately steep phases 
K2g X Kapoho family, steep phases 

K2h Kapoho family, very shallow phases 

K2k | Kapoho silt loam, gently sloping phase 

K2m  Kapoho silt loam, gently sloping shallow phase 

K2n Kapoho silty clay loam, gently sloping shallow phase 
K2p . Kapoho silty clay loam, sloping phase 

K2r Kawaihae family, very shallow phases— Aa lava complex 
K2s . Kawaihae stony loam, moderately steep phase 
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K2t Kawaihae stony loam, sloping phase 
K2u Kawaihapai clay loam 
K2v Kawaihapai loam and sandy loam 
K2w | Kawaihapai silt loam 
K2x Kawaihapai silty clay 
K2y Kawaihapai very stony clay loam 
K2z Kawaihapai very stony loam 
K3a Keaau clay 
K3b Keaau stony clay, very shallow phase 
K3c Keahua silty clay, gently sloping phase 
K3d . Keahua stony silty clay, eroded gently sloping phase 
Kka Keahua stony silty clay, eroded sloping phase 
Kkb Keahua stony silty clay, shallow phase 
Kkc Kealakekua silty clay loam, sloping phase 
Kkd Kealakekua silty clay loam, very shallow phase —Aa lava complex 
Kke Kealakekua silty clay loam, very shallow phase over Aa lava 
Kkf Kealakekua silty clay loam, very shallow phase over Pahoehoe lava 
Kkg Kealakekua silty clay loam, very shallow phase —Pahoehoe lava complex 
Kkh Keanae silty clay loam 
Kki Keekee loamy sand 
Kkj Keekee stony loamy sand 
Kkk Kilauea sand, dune phase 
Kkl Kilauea sands and gravel 
Kkm X Kilohana cindery loam, cinder- cone phase. 
Kkn Kilohana cindery loam, phases undirferentiated 
Kko Kilohana fine sandy loam, phases undifferentiated 
Kkp Kilohana loamy sand, phases undifferentiated 
Kkq Kohala family, steep phases 
Kkr Kohala silty clay, gently sloping phase 
Kks Kohala silty clay, shallow phase 
Kkt Kohala silty clay, sloping phase 
Kku Kokokahi clay, phases undifferentiated 
Kkv Kokokahi very stony clay, phases undifferentiated 
Kkw Koko silt loam, phases undifferentiated 
Kkx Koko silty clay loam, phases undifferentiated 
Kky Kolekole silty clay loam, gently sloping phase 
Kkz Kolekole silty clay loam, sloping phase 
Kk2 Koolau silty clay, phases undifferentiated 
Kk3 . Kukaiau silty clay loam, gently sloping phase 
Kk4 Kukaiau silty clay loam, moderately steep phase 
Kk5 X Kukaiau silty clay loam, sloping phase 
Kk6 Kulani clay 
Kk7 X Kunia silty clay, gently sloping phase 
Kk8 . Kunia silty clay, sloping phase 
Kk9 Kunuweia stony silt loam, phases undifferentiated 
K12  Kahana silty clay, eroded moderately steep phase 
La Lahaina silty clay, eroded gently sloping phase 
Lb Lahaina silty clay, eroded moderately steep phase 
Lc Lahaina silty clay, eroded sloping phase 
Ld Lahaina silty clay, gently sloping phase 
Le Lahaina silty clay, nearly level phase 
Lf Lahaina silty clay, phases undifferentiated 
Lg Lahaina silty clay, sloping phase 
Lh Lahaina silty clay, wind-eroded phase 
Lk Lahaina stony silty clay, eroded sloping phase 
ul Lahaina very stony silty clay, eroded phase 
Lm Laie clay 
Ln Laie clay loam 
Lo Laina very stony silty clay, phases undifferentiated 
Lp Lolekaa silty clay, gently sloping phase 
Lr Lolekaa silty clay, gently sloping shallow phase 
Ls Lolekaa silty clay, nearly level phase 
Lt Lolekaa silty clay, sloping phase 
Lu Lolekaa stony silty clay, eroded sloping phase 
Lv Lowland peat and muck 
Lw Lualualei clay, phases undifferentiated 
Lx Lualualei very stony clay, phases undifferentiated 
Ma Made land 
Mb Mahana silt loam, eroded gently sloping phase 
Mc Mahana silt loam, eroded sloping phase 
Md Mahana silt loam, gently sloping phase 
Me Mahana silt loam, severely eroded phase 
Mf Mahana silt loam, wind - eroded phase 
Mg Maile silty clay loam, gently sloping phase 
Mh Maile silty clay loam, hilly phase 
Mi Maile silty clay loam, knobby phase 
Mi Maile silty clay loam, nearly level phase 
Mk Maile silty clay loam, sloping and moderately steep phases 
MI Maile silty clay loam, steep phase 
Mm Maile stony silty clay loam, shallow phase 
Mn Makalapa clay, slopes undifferentiated 
Mo Makalapa clay, very shallow phase 
Mp Makalapa clay loam, slopes undifferentiated 
Mq Makakupa stony clay loam, moderately steep phase 
Mr Makakupa stony clay loam, sloping phase 
Ms Makawao silty clay loam, gently sloping phase 
Mt Makawao silty clay loam, sloping phase 
Mu Makena loam and silt loam, phases undifferentiated 
Mv Makiki clay loam, nearly level phase 
Mw Mala silty clay 
Mx Maliko silty clay 
My Mamala clay 
Mz Marala clay, very shallow phase 
M2a  Marnala silty clay loam 
M2b  Mamala silty clay loam, very shallow phase 
M2c  Manahaa loam, sloping phase 
M2d  Manahaa loam, very shallow phase — Aa lava complex 
M2e  Manahaa loam, very shallow phase — Pahoehoe lava complex 
M2f Manana silty clay loam, eroded moderately steep phase 
M2g  Manana silty clay loam, eroded rolling phase 
M2h Manana silty clay loam, gently sloping phase 
M2k Manoa stony clay loam, nearly level phase 
M2m Manu gravelly loam, gently sloping phase 
M2n Marsh 
M2p  Moaula silty clay loam, gently sloping phase 
M2r  Moaula silty clay loam, sloping phase 
M2s Moaula stony silty clay loam, sloping phase 
M2t Mokuleia clay 
M2u  Mokuleia clay loam 
M2v  Mokuleia clay, shallow phase 
M2w  Mokuleia loam and fine sandy loam 
M2x  Mokuleia silt loam 
M2y Molokai clay, gently sloping phase 
M2z Molokai silty clay, eroded moderately steep phase 
M3a Molokai silty clay, eroded sloping phase 
M3b  Molokai silty clay, gently sloping phase 
M3c Molokai silty clay, nearly level phase 
M3d Molokai silty clay, phases undifferentiated 
Mma Molokai silty clay, sloping phase 
Mmb Molokai silty clay loam, gently sloping phase 
Mmc Molokai stony silty clay, eroded gently sloping phase 
Mmd Molokai stony silty clay, eroded sloping phase 
Mme Molokai very stony silty clay, phases undifferentiated 
Na Naalehu family, very shallow phases 
Nb Naalehu family, very shallow phases—Aa lava complex 
Nc Naalehu family, very shallow phases — Pahoehoe lava complex 
Nd Naalehu silly clay, sloping phase 
Ne Naiwa family, severely eroded phases 
Nf Naiwa sill loam, eroded gently sloping phase 
Ng Naiwa silt loam, eroded sloping phase 
Nh Naiwa silt loam, gently sloping phase 
Nk Naiwa silt loam, phases undifferentiated 
NI Naiwa silty clay loam, gently sloping phase 
Nm Nakalele silty clay, gently sloping phase 
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Niulii silty clay, moderately steep shallow phase 

Niulii silty clay, sloping and moderately steep phases 
Niulii silty clay, steep phase 

Niupea silty clay loam, s oping phase 

Nohili silty clay 

Nonopahu clay 

Nonopahu clay — Molokai silty clay complex 

Ohia silty clay loam, gently sloping phase 

Olaa stony siity clay loam, gently sloping phase 

Olaa stony silty clay loam, moderately steep phase 
Olinda family, very shallow phases 

Olinda family, very shallow phases —Aa lava complex 
Olinda family, very shallow phases — Pahoehoe lava complex 
Olinda loam, moderately steep phase 

Olinda loam, sloping phase 

Ookala and Honokaa families, shallow phases 

Ookala and Honokaa families, very shallow phases 
Ookala silty clay loam, gently sloping phase 

Ookala silty clay loam, sloping phase 

Paaloa silty clay, gently sloping phase 

Paaloa silty clay, sloping phase 

Paauhau series, steep phases 

Paauhau silty clay loam, gently sloping phase 

Paauhau silty clay loam, sloping phase 

Paauhau stony silty clay loam, sloping phase 

Pahala fine sandy loam, gently sloping phase 

Pahala loam, gently sloping phase 

Pahala series, very shallow phases 

Paia silty clay, eroded sloping phase 

Paia silty clay, gently sloping phase 

Paia silty clay, sloping phase 

Paia silty clay loam, gently sloping phase 

Paia stony silty clay, shallow phase 

Pakini silty clay loam, gently sloping phase 

Pakini silty clay loam, wind-eroded phase 

Pakini very fine sandy loam, gently sloping phase 
Palawai clay 

Pamoa clay, gullied phase 

Pamoa clay, severely eroded phase 

Pamoa clay, sloping phase 

Pane fine sandy loam, eroded rolling phase 

Pane fine sandy loam, sloping phase 

Papaa clay, phases undifferentiated 

Pauwela silty clay, gently sloping phase 

Pauwela silty clay, gently sloping phase — Uaoa silt loam complex 
Pearl Harbor clay 

Piihonua silty clay loam, slopes undifferentiated 
Piihonua stony silty clay loam, very shallow phase 

Puhi silt loam, eroded sloping phase 

Puhi silt loam, gently sloping phase 

Puhi silt loam, severely eroded moderately steep phase 
Pulehu clay loam 

Pulehu cobbly loam 

Pulehu gravelly clay loam 

Pulehu loam and silt loam 

Pulehu sandy loam 

Pulehu silty clay 

Pulehu stony clay loam 

Pulehu stony loam 

Pulehu very stony loam and clay laam 

Puu Oo loam and silt loam, slopes undifferentiated 
Puu Oo stony silt loam, slopes undifferentiated 

Puu Pa stony very fine sandy loam, moderately steep phase 
Puu Pa stony very fine sandy loam, sloping phase 

Puu Pa very fine sandy loam, sloping phase 

Rockland, Aa lava 

Rockland, Aa lava with Kawaihae, Waikaloa, or Naalehu soil material 
Rockland, Aa lava with Kealakekua, Olaa, or Ohia soil material 
Rockland, Aa lava with Puu Oo, Maile, or Olinda soil maferial 
Rockland, Aa lava with Waimea or Hanipoe soil material 
Rockland, Haleakala soil material 

Rockland, Kokokahi soil material 

Rockland, Mamala soil material 

Rockland, Molokai, Lahaina or Pamoa soil material 


Rockland, Pahoehoe lava 


Rockland, Pahoehoe lava with Kawaihae, Waikaloa, or Naalehu soil material 


Rockland, Pahoehoe lava with Kealakekua, Olaa, or Ohia soil material 
Rockland, Pahoehoe lava with Puu Oo, Maile, or Olinda soil material 
Rockland, very steep 

Rough broken land, alluvial material 

Rough broken land — Nakalele silty clay complex 

Rough broken land, residual material 

Salty soils, undifferentiated 

Stony land, Alluvial soil material 

Stony land, Ewa soil materia! 

Stony land, glaciated mountain summits 

Stony land, Kaena soil material 

Stony land, Lualualei — Ewa soil material complex 

Stony land, Lualualei soil material 

Stony land, talus material 

Tantalus silty clay loam, cinder-cone phase 

Tantalus silly clay loam, phases undifferentiated 

Ualakaa silly clay, gently sloping and sloping phases 
Ualakaa silty clay loam, phases undifferentiated 

Uaoa silty clay loam 

Ulupalakua cindery loam, cinder -cone phase 

Ulupalakua silt loam, sloping phase 

Ulupau clay, gently sloping phase 

Ulupau very stony clay, phases undifferentiated 

Wahiawa silty clay, gently sloping phase 

Wahiawa silty clay, nearly level phase 

Wahiawa silty clay, sloping phase 

Waiaha sandy clay loam, very shallow phase over Aa lava 
Waiaha sandy clay loam, very shallow phase over Pahoehoe lava 
Waialua silty clay 

Waialua stony silty clay 

Waikaloa family, very shallow phases 

Waikaloa family, very shallow phases- Aa lava complex 
Waikaloa family, very shallow phases- Pahoehoe lava complex 
Waikaloa fine sandy loarn, moderately steep phase 
Waikaloa fine sandy loam, sloping phase 

Waikaloa loam, eroded steep phase 

Waikaloa loam, sloping phase 

Waikaloa stony loam, sloping phase 

Waikapu silty clay loam, gently sloping phase 

Waikapu silty clay loam, nearly level phase 

Waikapu silty clay loam, sloping phase 

Waikapu stony silty clay, phases undifferentiated 

Wailea silty clay loam, sloping phase 

Wailuku clay loam, eroded sloping phase 

Wailuku clay loam, gently sloping phase 

Wailuku silty clay, gently sloping phase 

Waimanalo silty clay, nearly level and gently sloping phases 
Waimea family, very shallow phases 

Waimea family, very shallow phases—Aa lava complex 
Waimea fine sandy loam, gently sloping phase 

Waimea fine sandy loam, hilly phase 

Waimea fine sandy loam, knobby phase 

Waimea fine sandy loam, rolling phase 

Waimea fine sandy loam, sloping phase 

Waimea loam, moderately steep phase 

Waimea loam, nearly level phase 

Waimea stony loam, moderately steep phase 


Waipahu silty clay, nearly level and gently sloping phases 
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LOW HUMIC LATOSOLS, NEARLY LEVEL AND 
GENTLY SLOPING DEEP NONSTONY SOILS 


Alaeloa silty clay, gently sloping phase 
Ewa clay, nearly level phase 
Ewa silt loarn, nearly level phase 
Hoolehua clay, nearly level and gently sloping phases 
Hoolehua silty clay,nearly level and gently sloping phases 
Kahana silty clay, gently sloping phase 
Kahana silty clay loam, gently sloping phase 
Kahuku silty clay, gently sloping and sloping phases 
Kamananui silty clay, gently sloping phase 
Keahua silty clay, gently sloping phase 
Kohala silty clay, gently sloping phase 
Kunia silty cley, gently sloping phase 
Lahaina silty clay, eroded gently sloping phase 
Lahaina silty clay, gently sloping phase 
Lahaina silty clay, nearly level phase 
Makiki clay loam, nearly level phase 
Maliko silty clay 
Molokai clay, gently sloping phase 
2 Molokai silty clay, gently sloping phase 
Molokai silty clay, nearly level phase 
Molokai silty clay loam, gently sloping phase 
Nakalele silty clay, gently sloping phase 
Paia silty clay, gently sloping phase 
Paia silty clay loam, gently sloping phase 
Palawai clay 


Ulupau clay, gently sloping phase 

Wahiawa silty clay, gently sloping phase 

Wahiawa silty clay, nearly level phase 

Waialua silty clay 

Waikapu silty clay loam, gently sloping phase 

Waikapu silty clay loam, nearly level phase 

Wailuku clay loam, gently sloping phase 

Wailuku silty clay, gently sloping phase 

Waimanalo silty clay, nearly level and gently sloping phases 
Waipahu silty clay, nearly level and gently sloping phases 


LOW HUMIC LATOSOLS, SLOPING AND ERODED SLOPING 
DEEP NONSTONY SOILS 


Alaeloa silty clay, eroded sloping phase 
Alaeloa silty clay, sloping phase 
Haliimaile silty clay loam, eroded sloping phase 
Haliimaile silty clay loam, sloping phase 
Hamakuapoko silty clay, eroded sloping phase 
Hamakuapoko silty clay, sloping phase 
Hoolehua silty clay, eroded sloping phase 
Kahana silty clay, eroded sloping phase 
Kahana silty clay, sloping phase 

Kohala silty clay, sloping phase 

Kunia silty clay, sloping phase 

Lahaina silty clay, eroded sloping phase 
Lahaina silty clay, phases undifferentiated 
Lahaina silty clay, sloping phase 

Lahaina silty clay, wind —eroded phase 
Mamala clay 

Mamala silty clay loam 

Molokai silty clay, eroded sloping phase 
Molokai silty clay, phases undifferentiated 
Molokai silty clay, sloping phase 

Paia silty clay, eroded sloping phase 

Paia silty clay, sloping phase 

Pamoa clay, sloping phase 

Wahiawa silty clay, sloping phase 
V'aikapu silty clay loam, sloping phase 


Wailuku clay loam, eroded sloping phase 


LOW HUMIC LATOSOLS, STONY, SHALLOW, OR 
SEVERELY ERODED NEARLY LEVEL TO SLOPING SOILS 


Alaeloa silty clay, severely eroded rolling phase 

Kahana stony clay loam, shallow phase 

Kahana stony silty clay, eroded sloping phase 

Kahana stony silty clay, gently sloping phase 

Kahuku stony silty Clay, gently sloping and sloping phases 
Keahua stony silty clay, eroded gently sloping phase 
Keahua stony silty clay, eroded sloping phase 

Kohala silty clay, shallow phase 


Lahaina stony silly clay, eroded sloping phase 
Manoa stony clay loam, néarly level phase 

Moloka: stony silly clay, eroded gently sloping phase 
Moloka: stony silly clay, eroded sloping phase 
Waialua stony silty clay 


Waikapu stony silly c! vy, phases undifferentiated 


LOW HUMIC LATOSOLS, STEEP, ERODED MODERATELY STEEP, 
VERY STONY, STONY AND SHALLOW, VERY SHALLOW, 
AND SEVERELY ERODED UNITS 


Alaeloa silty clay, severely eroded moderately steep phase 
Ewa very stony clay loam, phases undifferentiated 
Kahana series, steep phases 

Kahana silly clay, eroded moderately steep phase 

Kahana stony silly clay, eroded moderately steep phase 
Kahana stony silty clay, severely eroded phase 

Keahua stony silly clay, shallow phase 

Kohala tamily, steep phases 


Lahaina silty clay, eroded moderately steep phase 
Lahaina very stony silty clay, eroded phase 
Laina very stony silty clay, phases undifferentiated 


Marnala clay, very shallow phase 

Mamala silty clay loam, very shallow phase 

Molokai silty clay, eroded moderately steep phase 
Molokai very stony silty clay, phases undifferentiated 
Paia stony silty clay, shallow phase 

Pamoa clay, gullied phase 

Pamoa clay, severely eroded phase 


Ulupau very stony clay, phases undifferentiated 


HUMIC FERRUGINOUS LATOSOLS, NEARLY LEVEL 
AND GENTLY SLOPING DEEP NONSTONY SOILS 


Haiku silty clay, gently sloping phase 

Haiku silty clay, gently sloping phase —Uaoa silt loam complex 
Halawa silty clay, gently sloping phase 

Kolekole silty clay loam, gently sloping phase 

Mahana silt loam, eroded gently sloping phase 

Mahana silt loam, gently sloping phase 

Manana oilty clay loom, gently sloping phase 

Naiwa silt loam, eroded gently sloping phase 

Naiwa silt loam, gently sloping phase 


Naiwa silty clay loam, gently sloping phase 
Pauwela silly clay, gently sloping phase 
Pauwela silly olav, gently sloping phase (Java silt loam complex 


Puh: sif loam, gently ping phase 


HUMIC FERRUGINOUS LATOSOLS, SLOPING AND ERODED 
SLOPING OR ROLLING, DEEP, NONSTONY SOILS 


Haiku silty clay, eroded rolling phase 
Haiku silty clay, eroded sloping phase 
Halawa silty clay, sloping phase 
Kolekole silty clay loam, sloping phase 
Mahana silt loam, eroded sloping phase 


Mahana silt loam, wind-eroded phase 
Manana silly clay loam, eroded rolling phase 
Naiwa silt loam, eroded sloping phase 

Puhi silt loam, eroded sloping phase 


HUMIC FERRUGINOUS LATOSOLS, SEVERELY ERODED, 
HILLY OR MODERATELY STEEP, OR UNDIFFERENTIATED UNITS 


Haiku family, severely eroded phases 

Haiku silty clay, eroded hilly and steep phase 

Haiku silty clay, eroded moderately steep phase 
Halawa silty clay, phases undifferentiated 

Kunuweia stony silt loam, phases undifferentiated 
Mahana silt loam, severely eroded phase 

Manana silty clay loam, eroded moderately steep phase 
Naiwa family, severely eroded phases 

Naiwa silt loam, phases undifferentiated 


Puhi silt loam, severely eroded moderately steep phase 


ERODED LAND TYPES, LOW HUMIC LATOSOL AND 
HUMIC FERRUGINOUS LATOSOL MATERIALS 


Eroded land, Naiwa or Mahana soil material 

Froded stony land, Molokai or Lahaina soil material 
ROCKLAND TYPES, LOW HUMIC LATOSOL MATERIAL 

Rockland, Mamala soil material 

Rockland, Molokai, Lahaina, or Pamoa soil material 


HUMIC LATOSOLS, NEARLY LEVEL AND 
GENTLY SLOPING, DEEP, NONSTONY SOILS 


Honolua silty clay, gently sloping phase 
Kaneohe silty clay, gently sloping phase 
Kapoho silt loam, gently sloping phase 
Keanae silty clay loam 

Kukaiau silty clay loam, gently sloping phase 
Lolekaa silty clay, gently sloping phase 
Lolekaa silty clay, nearly level phase 
Makawao silly clay loam, gently sloping phase 
Moaula silty clay loam, gently sloping phase 
Ookala silty clay loam, gently sloping phase 
Paaloa silly clay, gently sloping phase 


Paauhau suty clay loam, gently sloping phase 


J. Kenneth Ableiter, Chief Soil Correlator. 


C. P. Barnes, Chief Analyst, Soil Uses and Productivity. 
Correlation and inspection by Mark Baldwin, Principal 

Soil Scientist and Marlin G. Cline, Soil Scientist. 

Soil surveyed 1935-39 by Z. C. Foster, in Charge, 

and M. G. Cline, L. R. Smith, F. R. Lesh, Fred Kawamura, 
and Masao Koga, Division of Soil Survey, Bureau of 

Plant Industry, Soils, and Agricultural Engineering. 


COLOR GROUPING 


HUMIC LATOSOLS, SLOPING AND ERODED SLOPING, 
DEEP, NONSTONY SOILS 


Halii gravelly silty clay, gently sloping and sloping phases 
Honolua silty clay, eroded sloping phase 
Honolua silty clay, sloping phase 
Kailua silty clay, sloping phase 
Kaneohe silty clay, sloping phase 
Kapoho silty clay loam, sloping phase 
Kukaiau silty clay loam, sloping phase 
F3 Lolekaa silty clay, sloping phase 
Makawao silty clay loarn, sloping phase 
Moaula silty clay loam, sloping phase 
Niupea silty clay loam, sloping phase 
Ookala silty clay loam, sloping phase 
Paaloa silty clay, sloping phase 


Paauhau silty clay loam, sloping phase 


Wailea silty clay loam, sloping phase 


HUMIC LATOSOLS, SHALLOW, STONY, OR SEVERELY ERODED 
GENTLY SLOP'NG AND SLOPING; AND MODERATELY 
STEEP AND UNDIFFERENTIATED UNITS 


Honolua silty clay, phases unditferentiated 
«Honolua silty clay, severely eroded phase 


Kukaiau silty clay loam, moderately steep phase 


Lolekaa silty clay, gently sloping shallow phase 
Lolekaa stony silty clay, eroded sloping phase 


Moaula stony silty clay loam, sloping phase 
Niulii silty clay, sloping and moderately steep phases 
Paauhau stony silty clay loam, sloping phase 


HYDROL HUMIC LATOSOLS, GENTLY SLOPING, SLOPING, 
AND KNOBBY; DEEP, NONSTONY SOILS 


Hilo silty clay loam, gently sloping phase 
Hilo silty clay loam, sloping phase 

Honokaa silty clay loam, gently sloping phase 
Honokaa silty clay loam, knobby phase 
Honokaa silty clay loam, sloping phase 
Kaiwiki silty clay loam, sloping phase 


Kealakekua silty clay loam, sloping phase 
Ohia silty clay loam, gently sloping phase 


HYDROL HUMIC LATOSOLS, UNDIFFERENTIATED UNITS 
AND HILLY PHASES 


Akaka silty clay, phases undifferentiated 
Alili fine sandy loam, slopes undifferentiated 
Alili silty clay loam, slopes undifferentiated 
Honokaa silty clay loam, hilly phase 


Honokaa silty clay loam, phases undifferentiated 
Koolau silty clay, phases undifferentiated 


HUMIC AND HYDROL HUMIC LATOSOLS, VERY SHALLOW, 
VERY STONY, STEEP, AND ERODED OR 
SHALLOW MODERATELY STEEP UNITS 


Akaka family, very shallow phase 
Akaka silty clay — rough broken land complex 
Akaka silly clay, steep phase 
Amalu clay — rough broken land complex 
Halii grave!ly silty clay, eroded moderately steep phase 
Hilo family, steep phases 
Honokaa, Ookals, and Kealakekua families, steep phases 
Honomanu silty clay, phases undifferentiated 
Honuaulu clay loam, sloping phase 
Honuaulu clay loam, very shallow phase over Aa lava 
Honuaulu clay loam, very shallow pnase over Pahoehoe lava 
Kahanaiki stony silty clay loam, phases undifferentiated 
Kapoho family, steep phases 

RS Kapoho family, very shallow phases 
Kapoho silt loam, gently sloping shallow phase 
Kapoho silty clay loam, gently sloping shallow phase 
Kealakekua silly clay loam, very shallow phase over Aa lava 
Kealakekua silty clay loam, very shallow phase over Pahoehoe lava 
Niulii silty clay, moderately steep shallow phase 
Niului silty clay, steep phase 
Olaa stony silty clay loam, gently sloping phase 
Olaa stony silty clay loam, moderately steep phase 
Ookala and Honokaa families, shallow phases 
Ookala and Honokaa families, very shallow phases 
Paauhau series, steep phases 
Tantalus silly clay loam, cinder Cone phase 


Tantalus silly clay loam, phases undifferentiated 


HUMIC AND HYDROL HUMIC LATOSOLS 
IN COMPLEXES WITH ROCKLAND TYPES 


Akaka family, very shallow phases -Aa lava complex 


Hilo family, very shallow phases —Aa lava complex 


Hilo family, very shallow phases - Pahoehoe lava complex 
Honuaulu clay loam, very shallow phase -Aa lava complex 
Honuaulu clay loam, very shaliow phase. Pahoehoe lava complex 


Kealakekua silly clay loam, very shallow phase -Aa lava complex 


Kealakekua silly clay loam, very shz'low phase -Pahoehoe lava complex 


ROCKLAND TYPES WITH HYDROL HUMIC 
LATOSOL MATERIAL 


Reckland, Aa lava with Kealakekua, Olaa, or Ohia soil material 


RED DESERT SOILS AND SOLONETZ 


Kawaihae stony loam, moderately steep phase 
Kawaihae stony loam, sloping phase 

Koko silt loam, phases undilferentiated 

Koko silty clay loam, phases undifferentiated 
Kulani clay 


Makena loam and silt loan, phases undifferentiated 


REDDISH BROWN SOILS, GENTLY SLOPING AND SLOPING, 
DEEP, NONSTONY 


Pakini silty clay loam, gently sloping phase 
Pakini silty clay loam, wind-eroded phase 


Pakini very fine sandy loam, gently sloping phase 
Puu Pa very fine sandy loam, sloping phase 
Ualakaa silly clay, gently sloping and sloping phases 


Waikaloa fine sandy loam, sloping phase 


Waikaloa loam, sloping phase 


REDDISH BROWN SOILS, STONY, MODERATELY STEEP, 
OR UNDIFFERENTIATED UNITS 


Puu Pa stony very fine sandy loam, moderately steep phase 


Puu Pa stony very fine sandy loam, sloping phase 
Ualakaa silty clay loam, phases undifferentiated 
Waikaloa fine sandy loam, moderately steep phase 


Waikaloa stony loam, sloping phase 


RLDDISH BROWN SOILS, VERY SHALLOW OR STEEP 


Waiaha sandy clay loam, very shallow phase over Aa lava 
Waiaha sandy clay loam, very shallow phase over Pahoehoe lava 
Waikaloa family, very shallow phases 


Watkalga loam, eroded steep phase 


RED DESERT OR REDDISH BROWN SOILS 
IN COMPLEXES WITH ROCKLAND 


Kawaihae family, very shallow phases —Aa lava complex 


77 Waikaloa family, very shallow phases — Aa lava complex 


Waikaloa family, very shallow phases — Pahoehoe lava complex 


ROCKLAND TYPES WITH RED DESERT, 
REDDISH BROWN, OR NAALEHU 


REDDISH PRAIRIE SOILS, NEARLY LEVEL 
OR GENTLY SLOPING, DEEP, AND NONSTONY 


Pahala fine sandy loam, gently sloping phase 


Pahala loam, gently sloping phase 
Waimea fine sendy loam, gently sloping phase 


Waimea loam, nearly level phase 


REDDISH PRAIRIE SOILS, SLOPING, KNOBBY, 
OR UNDIFFERENTIATED SLOPES; DEEP, AND NONSTONY 


lo cindery loam, slopes undifferentiated 
Kamaoa silty clay loam, sloping phase 


Naalehu silty clay, sloping phase 
Pane fine sandy loam, sloping phase 
Ulupalakua silt loam, sloping phase 


Waimea fine sandy loam, knobby phase 


Waimea fine sandy loam, sloping phase 


REDDISH PRAIRIE SOILS, ROLLING, HILLY, OR MODERATELY 
STEEP, DEEP, NONSTONY UNITS AND STONY UNITS 


Pane fine sandy loam, eroded rolling phase 


Makakupa stony clay loam, sloping phase 
Waimea fine sandy loam, hilly phase 
Waimea fine sandy loam, rolling phase 


Waimea loam, moderately steep phase 


LATOSOLIC BROWN FOREST SOILS, NEARLY LEVEL AND 
GENTLY SLOPING,DEEP, NONSTONY UNITS 


Kapapala loam, gently sloping phase 
Maile silly clay loam, gently sloping phase 
Maile silty clay loam, nearly level phase 


LATOSOLIC BROWN FOREST SOILS, AND SLOPING OR 
KNOBBY TO MODERATELY STEEP, DEEP, NONSTONY UNITS 


Kapapala fine sandy loam, sloping phase 

Kapapala loam, sloping and moderately steep phase 
Maile silty clay loam, knobby phase 

Maile silty clay loam, sloping and moderately steep phase 


Manat.aa loam, sloping phase 
Olinda loam, sloping phase 


Rockland, Pahoehoe lava with Kealakekua, Olaa, or Ohia soil material 


Rockland, Aa lava with Kawaihae, Waikaloa, or Naalehu soil material 
Rockland, Pahoehoe lava with Kawaihae, Waikaloa, or Naalehu soil material 


HAWAII AGRICULTURAL EXPERIMENT STATION 


LATOSOLIC BROWN FOREST SOILS, MODERATELY STEEP, 
HILLY, AND STEEP; DEEP TO SHALLOW; STONY TO NONSTONY 


Hanipoe tine sandy loam, sloping and moderately steep phase 
Hanipoe loam, moderately steep phase 


Maile silty clay loam, hilly phase 
Olinda loam, moderately steep phase 
Piihonua silly clay loam, slopes undifferentiated 


Puu Oo loam and silt loam, slopes unditferentiated 


LATOSOLIC BROWN FOREST AND REDDISH PRAIRIE SOILS, 
VERY SHALLOW, STEEP, STONY AND MODERATELY STEEP, 


STONY AND SHALLOW, OR STONY AND SLOPES UNDIFFERENTIATED 


Apakuie stony sandy loam, phases undifferentiated 
Hanipoe family, steep phases 

Hanipoe family, very shallow phases 

Maile silty clay loam, steep phase 

Maile stony silty clay loam, shallow phase 


Makakupa stony clay loam, moderately steep phase 
Naalehu family, very shallow phases 
Olinda family, very shallow phases 


Pahala series, very shallow phases 

Piihonua stony silty clay loam, very shallow phases 
Puu Oo stony silt loam, slopes undifferentiated 
Ulupalakua cindery loam, cinder-cone phase 
Waimea family, very shallow phases 

Waimea stony loam, moderately steep phase 


LATOSOLIC BROWN FOREST AND REDDISH PRAIRIE 
SOILS IN COMPLEXES WITH ROCKLAND 


Apakuie stony sandy loam, — Rockland complex 

Manahaa loam, very shallow phase, Aa lava complex 

Manahaa loam, very shallow phase, Pahoehoe lava complex 
Naalehu family, very shallow phases —Aa lava complex 
Naalehu family, very shallow phases — Pahoehoe lava complex 
Olinda family, very shallow phases, Aa lava complex 


Olinda family, very shallow phases, Pahoehoe lava complex 
Waimea family, very shallow phases —Aa lava complex 


ROCKLAND TYPES WITH REDDISH PRAIRIE 
OR BROWN FOREST SOIL MATERIAL 


Rockland, Aa lava with Puu Oo, Maile, or Olinda soil material 
Rockland, Aa lava with Waimea or Hanipoe Suil material 
Rockland, Pahoehoe lava with Puu Oo, Maile, or Olinda soil material 


GRAY HYDROMORPHIC AND PADDY SOILS, DEEP AND NONSTONY 


Hauula paddy soils 

Honouliuli clay 

Honouliuli silty clay 

Kaena clay, gently sloping and sloping phases 


Kaena silty clay, gently sloping and sloping phases 
Kalihi clay 


Kaloko clay 
Keaau clay 
Laie clay 

Laie clay loam 


Nóhili silty clay 


DARK MAGNESIUM CLAYS, DEEP AND NONSTONY 


Kokokahi clay, phases undifferentiated 
Lualualei clay, phases undifferentiated 


Makalapa clay, slopes unditferentiated 
Makalapa clay loam, slopes undifferentiated 
Nonopahu clay 


Nonopahu clay, Molokai silty clay complex 


DARK MAGNESIUM CLAYS AND GRAY HYDROMORPHIC SOILS, 
STONY, VERY STONY, VERY SHALLOW OR VERY WET 


Hononliuli stony clay 
Kaena very stony clay and silty clay, phases undifferentiated 
Kalihi very stony clay 


Kaloko clay, very shallow phase 

Keaau stony clay, very shallow phase 

Kokokahi very stony clay, phases undifferentiated 
Lualualei very stony clay, phases undifferentiated 
Makalapa clay, very shallow phase 


Papaa clay, phases undifferentiated 
Pearl Harbor clay 


ROCKLAND WITH DARK MAGNESIUM CLAY MATERIAL 


VO Rockland, Kokokahi soil material 


ALLUVIAL SOILS, DEEP, NONSTONY, MEDIUM TO FINE TEXTURED 


Hanalei cindery silt loam 
Hanalei clay loam 

Hanalei silt loam 

Kawaihapai clay loam 
Kawaihapai loam and sandy loam 
Kawaihapai silt loam 

Kawaihapai silty clay 


Mala silty clay 
Mokuleia clay 
Mokuleia clay loam 


Mokuleia loam and fine sandy loam 
Mokuleia silt loam 

Pulehu clay loam 

Pulehu loam and silt loam 

Pulehu sandy loam 

Pulehu silty clay 

Uaoa silty clay loam 


ALLUVIAL SOILS, MODERATELY STRONG 
OR GRAVELLY, SHALLOW, OR COARSE-TEXTURED 


Hanalei silt loam, shallow phase 
lao clay loam, gently sloping phase 
lao silty clay, gently sloping phase 
Kamakoa sandy loam and loam 
Keekee loamy sand 

Mokuleia clay, shallow phase 
Pulehu cobbly loam 

Pulehu gravelly clay loam 

Pulehu stony clay loam 


Pulehu stony loam 


ALLUVIAL SOILS, VERY STONY OR VERY SHALLOW 


Hanalei sill loam, very shallow phase 


Hanalei very stony loam and clay loam 


Kamakoa very stony loam 
Kawaihapai very stony clay loam 
Kawaihapai very stony loam 


Keekee stony loamy sand 


Pulehu very stony loam and clay loam 


REGOSOLS, BEACHES, AND ADJACENT AREAS 


Catano loamy sand 
Catano loamy sand - Molokai silty clay complex 


Catano sand 
Catano sand —Alluvial soil complex 
Catano sand, dune phase 


Catano sand-salty soil complex 


Kalapana sand 


REGOSOLS, VOLCANIC ASH WITH LITTLE OR NO VEGETATION 


Haleakala cinders and ash 

Haleakala family, very shallow phases 
Huikau sand and loamy sand 

Huikau stony sand 

Kilauea sand, dune phase 

Kilauea sands and gravel 


Kilohana cindery loam, cinder cone phase 
Kilohana cindery loam, phases undifferentiated 
Kilohana fine sandy loam, phases undifferentiated 


Kilohana loamy send, phases undifferentiated 


REGOSOLS, VOLCANIC ASH, VEGETATED 
Heake gravelly loam, gently sloping phase 
Heake gravelly loam, very shallow phase 
Manu gravelly loam, gently sloping phase 


LITHOSOLS, STONY LAND TYPES 


Stony land, Alluvial soil material 
Stony land, Ewa soil material 


Stony land, glaciated mountain summits 
Stony land, Kaena soil material 
Stony land, Lualualei - Ewa soil material complex 


Stony land, Lualualei soil material 
Stony land, talus material 


LITHOSOLS, ROUGH BROKEN LAND TYPES 
Rough broken land, alluvial material 
L7 Rough broken land — Nakalele silty clay complex 
Rough broken land, residual material 


LITHOSOLS, BARREN ROCKLAND, SMOOTH 


Rockland, Pahoehoe lav 


LITHOSOLS, BARREN ROCKLAND, ROUGH 
Rockland, Aa lava 
Y Rockland, Haleakala soil material 
Rockland, very steep 


MISCELLANEOUS UNITS 


A 


Alakai peat—Amalu clay complex 

Amalu clay -Alakai peat -rough broken land complex 
Lowland peat and muck 

Made land 

Marsh 

Salty soils, unditterentiated 
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